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(57) In order to enable use of both real time access 
and random access and to achieve improvement of 
throughput on communication device and communica- 
tion network, a LAN terminal device 1 acting as a control 
station allocates communication timing corresponding 
to a communication timing allocation request from LAN 
unit 2 and LAN unit 5 intending to transmit real time data 
and notifies each LAN terminal device connected to the 
same network of information indicating this allocated 
communication timing. A communication terminal of the 
requester transmits data through a real time region 
based on communication timing allocated to itself and 
random data is transmitted through a random access 
region. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a communica- 
tion method in which various devices such as computer 
terminals and peripheral devices are connected through 
network so as to achieve communication between the 
devices connected through this network, a communica- 
tion system and a communication terminal. 

BACKGROUND ART 

[0002] Various communication methods which allow 
communication to be carried out without link-block of 
transmissions in the same channel are employed in a 
network in which the same channel is shared by plural 
communication terminals. For example, CSMA (Carrier 
Sense Multiple Access) method, TDM A (Time Division 
Multiple Access) method, polling method and the like 
are employed. 

[0003] In the CSMA method, transmission data is put 
into a packet of a predetermined size and transmitted. 
A communication terminal using this method transmits 
the packet using a carrier having a predetermined fre- 
quency. Upon transmission of the packet, the carrier is 
detected (the term carrier detection is used in this spec- 
ification) in order to investigate whether or not there is 
other packet in a channel (transmission path) for use in 
the transmission. 

[0004] When a channel for use is found to be empty 
as a result of detection for the carrier, the packet trans- 
mission is carried out. This CSMA method is suitable for 
LAN (Local Area Network) in which transmission speed 
is about 1 Mbit/second - 1 0 Mbit/second. 
[0005] According to the TDMA method, a plurality of 
so-called time slots are formed by dividing transmission 
time in terms of time, so that the time slots for transmit- 
ting the packet are set up fixedly for each communica- 
tion terminal at the time of communication start-up. 
Then, because each communication terminal transmits 
the packet within a time slot allocated to itself, appar- 
ently it looks as if plural communication terminals use 
the same channel (a single highspeed communication 
line) at the same time. 

[0006] According to the polling method, a communi- 
cation control unit inquires each of plural communication 
terminals using the same channel of whether or not it 
makes a communication request. Based on this request, 
the communication control unit determines a sequence 
of communication to a communication terminal which 
makes a communication request and then carries out 
communication. 

[0007] By using these communication methods, the 
same channel (transmission paths) can be used by plu- 
ral communication terminals without generating any col- 
lision of transmission. 



DISCLOSURE OF THE INVENTION 

[0008] When a communication system such as LAN 
is built up, throughput in communication terminal or net- 

s work is demanded to be improved. Further, so-called re- 
al time data such as voice data and image data is de- 
manded to be transmitted and received securely at real 
time, and data generated at random such as computer 
data is also demanded to be transmitted and received 

10 at random timing. However, the above-mentioned trans- 
mission methods are incapable of satisfying al! these 
demands. 

[0009] That is, the above-described CSMA method is 
capable of carrying out random access, in which data is 
is transmitted and received at random, by avoiding a col- 
lision of transmissions (link-block in transmission path). 
However, if it is found that other communication terminal 
is transmitting data as a result of the aforementioned 
carrier detection to avoid the collision, that communica- 
te tion terminal cannot transmit data. Thus, random waiting 
time may be sometimes needed upon transmission of 
data, and therefore it is difficult to always maintain the 
throughput in a good condition. Because the CSMA 
method does not ensure the communication sequence 
25 unlike the TDMA method, transmission of real time data 
such as voice data and image data cannot be ensured. 
[0010] The TDMA method can transmit real time data 
securely because each communication terminal trans- 
mits data according to a transmission order allocated to 
30 itself. However, because many time slots for non-use 
are generated in transmitting data generated at random 
such as computer data, this method is not effective. 
Therefore, the TDMA method is not suitable for random 
access. 

35 [0011] Because the TDMA method does notcarryout 
the carrier detection, if a communication terminal not 
obeying the TDMA method is connected to the same 
channel, a collision of transmission may not be avoided. 
That is, this method cannot coexist with a communica- 

40 tion terminal employing other communication method 
than the TDMA method. 

[0012] Because in case of the polling method, an 
overhead such as preamble, which may cause deterio- 
ration of the throughput at the communication terminal, 

<5 js attached to transmitted or received data, it is difficult 
for this method to improve the throughput. 
[0013] As described above, according to the conven- 
tional communication methods, it is difficult to satisfy all 
demands for using the real time access of transmitting 

50 and receiving real time data at real time and the random 
access of transmitting and receiving data generated at 
random at random timing and improving the throughput. 
[0014] In views of the above described problems, an 
object of the present invention is to provide a communi- 

55 cation method, a communication system and a commu- 
nication terminal capable of using both real time com- 
munication (real time access) with real time data at real 
time and random timing communication (random ac- 
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cess) at the same time and improving throughput in a 
communication terminal and a communication network. 
[0015] To achieve the above object, according to 
claim 1 of the present invention, 

there is provided a communication method for plu- 
ral communication terminals sharing a single channel to 
communicate at a predetermined communication cycle 
while avoiding a collision of use of the channel with other 
communication terminals, comprising: 

a communication timing registering step for upon 
start-up of communication, allocating a communi- 
cation timing of a communication terminal intending 
to start the communication within the communica- 
tion cycle; and 

a notifying step for notifying other communication 
terminals sharing the channel of the allocated com- 
munication timing. 

[0016] According to the communication method de- 
scribed in claim 1 , communication timing allocated by 
the communication timing registering step is notified to 
each of the communication terminals sharing a single 
channel through the notifying step. 
[001 7] Consequently, each of the communication ter- 
minals communicates at communication timing allocat- 
ed to itself so as to prevent a collision of communication 
with other communication terminals, thereby achieving 
secure communication. Further, because each of the 
plural communication terminals sharing a single chan- 
nel knows communication timing of other communica- 
tion terminals so that it can transmit or receive data at 
random through a region other than the region for trans- 
mitting data based on the communication timing. 
[001 8] According to claim 2 of the present invention, 
there is provided a communication method according to 
claim 1 characterized in that at least one communication 
control unit for controlling the communication cycle is 
provided in a network comprised of the plural connected 
communication terminals sharing the channel, 

the communication control unit, when the commu- 
nication terminal intending to start commu nication trans- 
mits an allocation request for the commu nication timing 
to the communication control unit, executing the com- 
munication timing registering step and executing the no- 
tifying step. 

[0019] According to the communication method de- 
scribed in claim 2, the communication timing is allocated 
by at least a communication control unit provided in the 
network and notified to each of the plural communication 
terminals sharing the channel. 
[0020] Consequently, each of the communication ter- 
minals sharing the channel can communicate at timing 
corresponding to communication timing allocated to it- 
self at each communication cycle. Further, it can know 
a region for other communication terminal to transmit 
data based on communication timing allocated to the 
other communication terminals and carry out random 



access in the other regions. Control of the communica- 
tion cycle and setting of communication timing to plural 
communication terminals can be carried out in a unified 
way by the communication control unit. 

5 [0021 ] According to a claim 3 of the present invention , 
there is provided a communication method according to 
claim 1 characterized in that the communication termi- 
nal intending to start communication allocates its own 
communication timing itself to execute the communica- 

10 tion timing registering step and execute the notifying 
step. 

[0022] According to the communication method de- 
scribed in claim 3, the communication timing is set up 
by a communication terminal itself which intends to 
15 transmit data for communication. At the same time, the 
communication timing is notified by the communication 
terminal itself intending to communicate to plural com- 
munication terminals sharing the channel. 
[0023] Consequently, each of the communication ter- 
minals sharing the channel can communicate at timing 
corresponding to communication timing allocated to it- 
self at each communication cycle. Further, it can know 
a region for other communication terminals to transmit 
data based on communication timing allocated to the 
other communication terminals and carry out random 
access in the other regions. Further, any communication 
control unit does not have to be provided for control of 
the communication cycle and setting of the communica- 
tion timing. 

[0024] According to claim 4 of the present invention, 
there is provided a communication method according to 
claim 1 characterized in that 

real time region for transmitting real time data 
such as voice data and image data based on the allo- 
cated communication timing and random access region 
for transmitting data at random timing are provided by 
dividing the communication cycle into two sections. 
[0025] According to the communication method de- 
scribed in claim 4, the real time region and random re- 
gion are set up in the communication cycle. The real 
time data such as voice data and image data is trans- 
mitted based on the communication timing through the 
real time region of each communication cycle. For ex- 
ample, data generated at random such as computer da- 
ta is transmitted by random access through the random 
access region. 

[0026] Consequently, both the real time data and ran- 
dom data such as computer data can be transmitted at 
every communication cycle. The real time data can be 
transmitted securely through the real time region at eve- 
ry communication cycle and the random data can be 
transmitted by random access through the random ac- 
cess region. 

[0027] According to claim 5 of the present invention, 
there is provided a communication method according to 
claim 4 characterized in that 

the real time region is set up successively in the 
communication cycle corresponding to the communica- 
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tion timing allocated while a remaining region of the 
communication cycle is used as the random access re- 
gion. 

[0028] According to the communication method de- 
scribed in claim 5, the real time region is set up succes- 
sively in a communication cycle based on the data trans- 
mission timing. Then, a region other than the real time 
region set up successively in each communication cycle 
is used as the random access region. 
[0029] Consequently, the real time region and random 
access region are set up in each communication cycle, 
so that not only the real time data but also random can 
be transmitted at every communication cycle. 
[0030] According to claim 6 of the present invention, 
there is provided a communication method according to 
claim 4 characterized in that if the real time data not 
transmitted through the real time region is not received 
properly, the real time data not received properly is re- 
transmitted through the random access region. 
[0031] According to the communication method de- 
scribed in claim 6, for example, the real time data, which 
cannot be received properly by a mating terminal be- 
cause it is not transmitted to the mating terminal prop- 
erly, is re-transmitted through the random access re- 
gion. As a result, even if the realtime data, which should 
be received properly through the real time region, is not 
received based on the communication timing, by re- 
transmitting it through the random access region, the re- 
al time data can be transmitted securely to an object 
destination. 

[0032] According to claim 7 of the present invention, 
there is provided a communication method according to 
claim 1 characterized in that 

the channel uses a carrier of a same predeter- 
mined frequency and avoiding of a collision of use of the 
channel is carried out by detecting presence or absence 
of the carrier. 

[0033] According to the communication method de- 
scribed in claim 7, each of the communication terminals 
sharing the channel detects whether or not a carrier of 
a predetermined frequency exists on the shared chan- 
nel so as to confirm whether or not that channel is empty. 
When the channel is empty, data transmission is carried 
out. 

[0034] Consequently, if data cannot be transmitted 
securely to a destination because a disturbing wave is 
generated upon transmitting data, data is transmitted af- 
ter transmission thereof is enabled by eliminating the 
disturbing wave. As a result, data can be transmitted se- 
curely to an object destination thereby intensifying reli- 
ability. 

[0035] According to claim 8 of the present invention, 
there is provided a communication method for plural 
communication terminals sharing a single channel to 
communicate bi-directionally between a call terminal 
which is the communication terminal for calling and a 
mating terminal which is the communication terminal 
called by the call terminal at a predetermined commu- 



nication cycle while avoiding a collision of use of the 
channel with other communication terminals, compris- 
ing: 

5 a calling step for the call terminal to call the mating 
terminal of an object by random access; 
a responding step for the mating terminal to re- 
spond to the call terminal when accepting a call from 
the call terminal; a communication timing allocation 

10 step for, if the response arise corresponding to the 
call, allocating communication timings for the call 
terminal and the mating terminal in the communica- 
tion cycle; and 

a notifying step for notifying each of the allocated 
is communication timing to other communication ter- 
minals sharing the channel, 
the call terminal and the mating terminal executing 
bi-directional communication by executing trans- 
mission based on the corresponding communica- 
20 tion timings at every the communication cycle. 

[0036] According to the communication method de- 
scribed in claim 8, when the call terminal receives a re- 
sponse to a call from the mating terminal, communica- 

25 tion timings are allocated to both the call terminal and 
the mating terminal, so that the allocated communica- 
tion timing is notified to each communication terminal. 
The call terminal and the mating terminal communicate 
based on the communication timing allocated to each 

30 thereof. 

[0037] Consequently, bi-directional real time commu- 
nication between the call terminal and the mating termi- 
nal can be carried out securely. Therefore, for example, 
bi-directional communication such as telephone and TV 

35 telephone can be carried out securely. 

[0038] According to claim 1 5 of the present invention, 
there is provided a communication method for plural 
communication terminals sharing a single channel to 
communicate at a predetermined communication cycle 

40 while avoiding a collision of use of the channel with other 
communication terminals, comprising: 

a communication order allocating step for upon 
start-up of communication, allocating communica- 
45 tion order to a communication terminal intending to 
start communication; 

a notifying step for notifying the allocated commu- 
nication order to other communication terminal 
sharing the channel; 
50 an empty time setting step for setting the length of 
empty time in the channel capable of starting trans- 
mission of data corresponding to the allocated com- 
munication order in each of the communication ter- 
minal to which the communication order is allocat- 
55 ed; and a data transmitting step for if an emptiness 
of the same length as the empty time set up in the 
empty time setting step is detected on the channel 
in the communication terminal to which the commu- 
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nication order is allocated, transmitting data. 

[0039] According to the communication method de- 
scribed in claim 15, a communication order allocated in 
the communication order allocation step is notified to 
each of the communication terminals sharing a channel 
through the notifying step. Then, in each communication 
terminal to which the communication order is allocated, 
empty time on the channel to be shared is set up in order 
to enable start of data transmission corresponding to 
communication order allocated to itself through the 
empty time setting step. 

[0040] The empty time on the same shared channel, 
at least necessary just before transmitting data, is set to 
be 50u.seconds, 100u,seconds and 150useconds for a 
communication terminal having the first communication 
order, a communication terminal having the second 
communication order and a communication terminal 
having the third communication order respectively. If 
emptiness of 50u^econds is detected on the same 
shared channel, data transmission can be started from 
the communication terminal having the first communi- 
cation order 

[0041 ] Even if the communication terminal having the 
first communication order does not transmit data al- 
though emptiness of 50u.seconds exists on the same 
channel, if further emptiness of 50useconds continues 
after the emptiness of 50u,seconds is detected so that 
emptiness of 1 0O^tseconds continuous on the shared 
channel is detected, the communication terminal having 
the second communication order can transmit data. 
[0042] Conversely if, for example, the communication 
terminal having the second communication order can- 
not transmit data because a disturbing wave exists on 
the shared channel, after the disturbing wave disap- 
pears, the communication terminal having the second 
communication order and the communication terminal 
having the third communication order can transmit data 
successively without any collision. 
[0043] Consequently, a transmission procedure pos- 
sessed by a communication system can be used effec- 
tively and each of the communication terminals can 
share the same channel without colliding of communi- 
cation with other communication terminals. Even if data 
transmission is disabled because a disturbing signal 
such as an external noise exists, after the disturbing sig- 
nal disappears, each communication terminal can trans- 
mit data without disturbing the communication order. 
Therefore, the real time data can be transmitted secure- 
ly. 

[0044] According to claim 1 6 of the present invention, 
there is provided a communication method according to 
claim 1 5 further comprising: 

a data transmission detecting step for detecting 
whether or not a communication terminal having a 
higher communication order than itself transmits 
data in each of the communication terminals to 



which the communication order is allocated; and 
an empty time reduction step for reducing the empty 
time-set in the empty time setting step correspond- 
ing to the allocated communication order when it is 
5 detected that a communication terminal having a 
higher communication order than itself transmits 
data in the data transmission detecting step. 

[0045] According to the communication method de- 

io scribed in claim 1 6, if it is detected that data is transmit- 
ted from a communication terminal having a higher com- 
munication order than itself in each communication ter- 
minal through the data transmission detecting step, the 
empty time set in itself is reduced in the empty time re- 
's duction step. 

[0046] For example, if as described above, the empty 
time is set up for each communication terminal such that 
it is 50u,seconds for a communication terminal having 
the first communication order, 1 0Ou, seconds for a com- 

20 munication terminal having the second communication 
order and 150jxseconds for a communication terminal 
having the third communication order, while data trans- 
mission of the communication terminal having the first 
communication order is terminated, the empty time is 

25 reduced as follows. That is, the empty time of the com- 
munication terminal having the second communication 
order is reduced from 1 OOuseconds to 50useconds. The 
empty time of the communication terminal having the 
third communication order is reduced from 

30 1 50u,seconds to 1 0Ouseconds. 

[0047] Consequently, just after occupation of the 
shared channel is released after data transmission from 
a communication terminal having a higher communica- 
tion order is terminated or the disturbing signal disap- 

35 pears, the empty time can be always the shortest, so 
that transmission of data from each communication ter- 
minal is enabled. Further, a preliminarily allocated trans- 
mission order is maintained, so that appropriate data 
transmission can be carried out securely. 

40 [0048] According to claim 1 7 of the present invention, 
there is provided a communication method according to 
claim 15 characterized in that 

at least one communication control unit for con- 
trolling the communication order is provided in a network 

45 comprised of plural connected communication terminals 
sharing the channel, the communication control unit, 
when the communication terminal intending to start 
communication transmits an allocation request for the 
communication timing to the communication control 

so unit, executing the communication order allocation step 
and executing the notifying step. 
[0049] According to the communication method de- 
scribed in claim 1 7, the communication order is allocat- 
ed by at least one communication control unit provided 

55 in the network and notified to each of the plural commu- 
nication terminals sharing the same channel. 
[0050] Consequently, each of the communication ter- 
minals sharing the channel can set up necessary chan- 
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nel empty time just before transmitting data correspond- 
ing to a communication order allocated to itself at each 
communication cycle. Further, based on communication 
order allocated to the other communication terminals, 
the other communication terminals can know a region 
for transmitting data and carry out random access 
through the other regions. Further, control of communi- 
cation cycle and allocation of communication order to 
plural communication terminals can be earned out by 
the communication control unit in a unified way. 
[0051 ] According to claim 1 8 of the present invention, 
there is provided a communication method according to 
claim 1 5 characterized in that the communication termi- 
nal intending to start communication allocates its own 
communication order by itself to execute the communi- 
cation order allocating step and execute the notifying 
step. 

[0052] According to the communication method de- 
scribed in claim 1 8, the communication order is allocat- 
ed by a communication terminal itself which intends to 
transmit data for communication and notified to plural 
communication terminals sharing the channel by the 
communication terminal intending to communicate. 
[0053] Consequently, each of the communication ter- 
minal sharing the channel can communicate corre- 
sponding to a communication order allocated to itself in 
each communication cycle. Further, the other commu- 
nication terminals can know a region for transmitting da- 
ta based on a communication order allocated to the oth- 
er communication terminals and carry out random ac- 
cess in the other regions. Any communication control 
unit does not have to be provided for control of the com- 
munication cycle and setting of the communication tim- 
ing. 

[0054] According to claim 1 9 of the present invention, 
there is provided a communication method according to 
claim 15 characterized in that 

real time region for transmitting real time data 
such as voice data and image data based on the allo- 
cated communication order and random access region 
for transmitting data at random timing are provided by 
dividing the communication cycle to two sections. 
[0055] According to the communication method de- 
scribed in claim 19, the real time region and random re- 
gion are set up in the communication cycle. The real 
time data such as voice data and image data is trans- 
mitted based on the communication timing through the 
real time region of each communication cycle. For ex- 
ample, data generated at random such as computer da- 
ta is transmitted by random access through the random 
access region. 

[0056] Consequently, both the real time data and ran- 
dom data such as computer data can be transmitted at 
every communication cycle. The real time data can be 
transmitted securely through the real time region at eve- 
ry communication cycle according to preliminarily allo- 
cated transmission order and the random data can be 
transmitted by random access through the random ac- 



cess region. 

[0057] According to claim 20 of the present invention, 
there is provided a communication method according to 
claim 19 characterized in that 

5 the real time region is set up successively in the 

communication cycle corresponding to the communica- 
tion order allocated while a remaining region of the com- 
munication cycle is used as the random access region. 
[0058] According to the communication method de- 

io scribed in claim 20, the real time region is set up suc- 
cessively in a communication cycle based on the data 
transmission timing allocated to the communication ter- 
minal transmitting data. Then, a region other than the 
real time region set up successively in each communi- 

15 cation cycle is used as the random access region. 
[0059] Consequently, the real time region and random 
access region are set up in each communication cycle, 
so that not only the real time data but also random can 
be transmitted at every communication cycle. 

20 [0060] According to claim 21 of the present invention, 
there is provided a communication method according to 
claim 1 9 wherein 

[0061] if the real time data transmitted through the real 
time region is not received properly, the real time data 

25 not received property is transmitted bi-directionally be- 
tween the call terminal and a mating terminal which is 
the communication terminal, comprising: a calling step 
for the call terminal to call the mating terminal of an ob- 
ject by random access; a responding step for the mating 

30 terminal to respond to the call terminal when accepting 
a call from the call terminal; and a communication order 
allocation step for, if the response arise corresponding 
to the call, allocating communication orders for the call 
terminal and the mating terminal, each of the allocated 

35 communication orders being re-transmitted to other 
communication terminals sharing the channel. 
[0062] According to the communication method de- 
scribed in claim 21, for example, the real time data, 
which cannot be received properly by a mating terminal 

40 because it is not transmitted to the mating terminal prop- 
erly, is re-transmitted through the random access re- 
gion. As a result, even if the real time data, which should 
be transmitted properly through the real time region, is 
not received based on the communication timing corre- 

45 sponding to the transmission order, by re-transmitting it 
through the random access region, the real time data 
can be transmitted securely to an object destination. 
[0063] According to claim 22 of the present invention, 
there is provided a communication method according to 

so claim 15 characterized in that 

the channel uses a carrier having a same prede- 
termined frequency and detection of the empty time in 
the channel is carried out by detecting absence of the 
carrier. 

55 [0064] According to the communication method de- 
scribed in claim 22, detection of the empty time is carried 
out by detecting a continuous time in which no signal of 
a predetermined frequency exists on a shared channel. 
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[0065] Consequently, data transmission from a com- 
munication terminal having a higher communication or- 
der than itself and presence/absence of the disturbing 
signal are detected, so that the empty time in which no 
signal exists on the shared channel can be detected se- 
curely 

[0066] According to claim 23 of the present invention, 
there is provided a communication method comprising: 

a notifying step for plural communication terminals 
sharing a single channel to communicate bi-direc- 
tionally between a call terminal which is the com- 
munication terminal for calling and a mating termi- 
nal which is the communication terminal called by 
the call terminal at a predetermined communication 
cycle while avoiding a collision of use of the channel 
with other communication terminals, 
an empty time setting step for setting the length of 
empty time in the channel capable of starting trans- 
mission of data corresponding to the allocated com- 
munication order in each of the communication ter- 
minals to which the communication order is allocat- 
ed; and 

a data transmitting step for, if emptiness of the same 
length as the empty time set up in the empty time 
setting step is detected on the same channel in 
each of the communication terminals to which the 
communication order is allocated, transmitting da- 
ta, 

the call terminal and the mating terminal executing 
bi-directional communication by executing trans- 
mission at timing each corresponding to the com- 
munication order at every communication cycle. 

[0067] According to the communication method de- 
scribed in claim 23, when the call terminal receives a 
response to a call from the mating terminal, communi- 
cation timings are allocated to both itself (the call termi- 
nal) and the mating terminal, so that the allocated com- 
munication timing is notified to each communication ter- 
minal through the notifying step. 
[0068] In each of the communication terminals to 
which the communication order is allocated, the empty 
time on the same shared channel, at least necessary 
just before transmitting data, is set to be 50u,seconds, 
100u.seconds and 150u.seconds for a communication 
terminal having the first communication order, a com- 
munication terminal having the second communication 
order and a communication terminal having the third 
communication order respectively. If emptiness of 
50|iseconds is detected on the same shared channel, 
data transmission can be started from the communica- 
tion terminal having the first communication order. 
[0069] Even if the communication terminal having the 
first communication order does not transmit data al- 
though emptiness of 50u.seconds exists on the same 
channel, if further emptiness of 50useconds continues 
after the emptiness of 50u,seconds is detected so that 



emptiness of 100useconds continuous on the shared 
channel is detected, the communication terminal having 
the second communication order can transmit data. 
[0070] Consequently, transmission procedure pos- 
5 sessed by the communication system can be used ef- 
fectively and each of the communication terminals can 
share the same channel without colliding with other 
communication terminals. Even if data transmission is 
disabled because a disturbing signal such as an exter- 
nal noise exists, after the disturbing signal disappears, 
bi-directional communication can be carried out be- 
tween communication terminals while maintaining com- 
munication order. Therefore, for example, real time bi- 
directional communication such as telephone and TV 
telephone can be carried out. 

[0071] According to claim 24 of the present invention, 
there is provided a communication method according to 
claim 23 further comprising: 

a data transmission detecting step for detecting 
whether or not a communication terminal having a 
higher communication order than itself transmits 
data in each of the communication terminals to 
which the communication order is allocated; and 
an empty time reduction step for reducing the empty 
time set in the empty time setting step correspond- 
ing to the allocated communication order when it is 
detected that a communication terminal having a 
higher communication order than itself transmits 
data in the data transmission detecting step. 

[0072] According to the communication method de- 
scribed in claim 24, if it is detected that data is transmit- 
ted from a communication terminal having a higher com- 
munication order than itself in each communication ter- 
minal through the data transmission detecting step, the 
empty time set in itself is reduced in the empty time re- 
duction step. 

[0073] Consequently, just after occupation of the 
same shared channel is released after data transmis- 
sion from a communication terminal having a higher 
communication order is terminated or the disturbing sig- 
nal disappears, the empty time can be always the short- 
est, so that bi-directional communication is enabled be- 
tween the communication terminals. Further, a prelimi- 
narily allocated transmission order is maintained, so that 
appropriate data transmission can be carried out se- 
curely. 

[0074] When transmitting a compressed signal by 
rate variable compression method, it is possible to cope 
with changes of the packet length due to deviation of the 
rate only by setting a channel corresponding to, for ex- 
ample, average transmission rate. 

BRIEF DESCRIPTION OF DRAWINGS 

[0075] FIG. 1 is a diagram for explaining an embodi- 
ment of the communication system of the present inven- 
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tion. 

[0076] FIG. 2 is a block diagram for explaining a LAN 
unit (radio communication unit) of each LAN terminal de- 
vice shown in FIG. 1. 

[0077] FIG. 3 is a diagram for explaining a processing 
for transmission of the real time data. 
[0078] FIG. 4 is a diagram for explaining transmission 
of the packet corresponding to communication timing. 
[0079] FIG. 5 is a diagram for explaining operation of 
a communication terminal when a disturbing signal is 
generated during transmission of the packet. 
[0080] FIG. 6 is a flow chart for explaining an opera- 
tion of communication terminal when transmitting real 
time data. 

[0081] FIG. 7 is a diagram for explaining re-transmis- 
sion of real time data. 

[0082] FIG. 8 is a diagram for explaining bi-directional 
communication of real time data. 
[0083] FIG. 9 is a diagram for explaining a case where 
transmission timing of real time data is allocated fixedly. 
[0084] FIG. 10 is a diagram for explaining a case 
where transmission timing of the real time data is allo- 
cated fixedly while a disturbing signal is mixed in the 
transmission path. 

[0085] FIG. 11 is a diagram for explaining another em- 
bodiment of a communication system of the present in- 
vention. 

[0086] FIG. 12 is a block diagram for explaining LAN 
unit (radio communication unit) of each LAN terminal de- 
vice shown in FIG. 11. 

[0087] FIG. 13 is a diagram for explaining setting of 
carrier empty time corresponding to communication or- 
der carried out in a LAN unit shown in FIG. 12. 
[0088] FIG. 14 is a diagram for explaining a process- 
ing for reducing the set carrier empty time. 
[0089] FIG. 15 is a flow chart for explaining setting of 
the carrier empty time and reduction processing carried 
out in the LAN unit. 

[0090] FIG. 16 is a flow chart for explaining packet 
transmission control processing considering the carrier 
empty time. 

[0091] FIG. 17 is a diagram for explaining transmis- 
sion of the real time data carried out in the LAN system 
shown in FIG. 11. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0092] Hereinafter, an embodiment of the communi- 
cation method, communication system and communica- 
tion unit of the present invention will be described. The 
embodiment which will be described below is a case 
where the present invention is applied to LAN (Local Ar- 
ea Network) in which plural communication devices are 
connected by radio. 



[First embodiment] 

[About one-way communication] 

s [0093] FIG. 1 is a diagram for explaining the structure 
of LAN of this embodiment. The LAN for use in this em- 
bodiment has so-called Peer to Peer structure in which 
no server dedicated unit is provided and communication 
units connected to this network are on the same posi- 
tion. 

[0094] In FIG. 1, terminal devices 11, 21, 31, 41, 51 
are personal computers or work stations. Radio commu- 
nication units (LAN unit) 12, 22, 32, 42, 52, which are 
communication terminals of this embodiment, are con- 
nected to these terminal devices 11, 21, 31, 41, 51 so 
as to form LAN terminal devices 1,2,3, 4, 5. As a result, 
communication is enabled between the respective LAN 
terminal devices. 

[0095] In the LAN of this embodiment, the LAN termi- 
nal devices 1 , 2, 3, 4, 5 use a transmission method like 
the CSMA method whereby the LAN devices receive 
and transmit data through packet transmission and de- 
tect a carrier prior to packet transmission in order to 
avoid a collision in transmission path. 
[0096] The respective LAN terminal devices 1 , 2, 3, 
4, 5 connected to the LAN (network) of this embodiment 
detect presence or absence of carrier having a prede- 
termined frequency for use for the packet transmission 
in the LAN of this embodiment prior to transmission of 
the packet. By this carrier detection, the respective LAN 
terminal devices detect whether the transmission path 
is on use or empty. If the transmission path is empty, the 
terminal device transmits the packet in order to avoid a 
collision of the packet transmission with the other LAN 
terminal device. 

[0097] FIG. 2 is a block diagram for explaining the* 
LAN units 12, 22, 32, 42, 52 which are communication 
units of this embodiment. As shown in FIG. 2, each of 
the LAN units 12, 22, 32, 42, 52 comprises an antenna 
201 , a transmitting/receiving section 202, an interface 
section 203, a connector 204, a CPU 205, a ROM 206, 
RAM 207 and a bus 208. 

[0098] The CPU 205, ROM 206, RAM 207 constitute 
a control section 21 0 of the LAN unit of this embodiment. 
The ROM 205 stores program and data necessary for 
processing and the RAM 206 is used as a working re- 
gion. 

[0099] As shown in FIG. 2, the transmitting/receiving 
section 202 and interface section 203 are connected to 
the control section 210 through a bus 208 so as to con- 
trol these components. The connector 204 is for con- 
necting the LAN unit of this embodiment to the terminal 
device. 

[0100] According to this embodiment, the transmit- 
ting/receiving section 202 of the LAN unit detects a car- 
rier as described above, and controls packet transmis- 
sion timing and carries out transmission data modula- 
tion and received data demodulation in cooperation with 
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the control section 210. 

[0101] The interface section 202 enables exchange 
of data between the terminal device and the LAN (net- 
work) of this embodiment. According to this embodi- 
ment, as described later, the interface section 202 has 
a function for generating a transmission packet and dis- 
assembling a received packet. 
[0102] An operation for transmitting or receiving data 
between the LAN terminal devices of this embodiment 
composed of the terminal device and LAN unit will be 
described. Here, a case where data is transmitted by 
radio by random access from the LAN terminal device 
2 to the LAN terminal device 4 as indicated by an arrow 
in FIG. 1 will be described. 

[0103] The terminal device 21 supplies data to be 
transmitted to the LAN terminal device 4, and informa- 
tion such as self address (self ID) and destination ad- 
dress (destination ID). Data from the terminal device 21 
is supplied to the interface section 203 through the con- 
nector 204 of the LAN unit 22. 
[01 04] The interface section 203 forms a packet com- 
posed of a header including destination ID and self ID 
and data to be transmitted corresponding to control from 
the control section 210 and supplies it to the transmit- 
ting/receiving section 202. The transmitting/receiving 
section 202 generates a transmission signal by ampli- 
fying received transmission packet or other processing 
and transmits it through the antenna 201 . 
[0105] At this time, as described above, in the LAN 
unit of this embodiment, for example, the transmitting/ 
receiving section 201 and the control section 21 0 detect 
the carrier to avoid a collision of packet transmissions, 
thereby detecting in advance that no carrier signal is re- 
ceived, and then transmits the packet when the trans- 
mission path is empty. If the transmission path is not 
empty, waiting condition is set up until the transmission 
path becomes empty. Upon transmission of the packet 
by random access, random waiting time may be some- 
times necessary. 

[0106] In the LAN terminal device 4, the packet trans- 
mitted by radio is received by the receiving section 202 
through the antenna 1 of the LAN unit. According to the 
destination ID of the received packet, only packets 
transmitted for self are received and the received pack- 
ets for self are supplied to the interface 203. The inter- 
face 203 disassembles the packets for self from the 
transmitting/receiving section 202 to extract data sent 
from the LAN terminal device 2. Then, the extracted data 
is supplied to the terminal device 41 through the con- 
nector 204. 

[0107] Each of the LAN units 1 2, 22, 32, 42, 52 have 
a function which enables communication with the LAN 
terminal devices connected to the network by radio 
transmission. 

[0108] According to this embodiment, each LAN ter- 
minal device communicates at a communication cycle 
of a predetermined length used in the LAN of this em- 
bodiment. Then, communication timing is allocated to a 



LAN terminal device to which real time data is intended 
to be transmitted within each communication cycle of 
the predetermined length. The LAN terminal device for 
transmitting real time data transmits the data at commu- 
5 nication timing allocated to self in each communication 
cycle. 

[0109] Data generated at random such as computer 
data (random data) is transmitted through a region (ran- 
dom access region) other than a region (real time re- 

10 gion) for transmitting real time data according to allocat- 
ed transmission timing within each communication cycle 
of a predetermined length. According to this embodi- 
ment, in this way, the LAN terminal devices 1 , 2, 3, 4, 5 
transmit real time data and random data through differ- 

15 ent regions in the same communication cycle. 

[0110] As described later, each of the LAN terminal 
devices of this embodiment confirms whether or not the 
transmission path is empty prior to transmission of the 
packet if it intends to transmit real time data or data gen- 

20 erated at random such as computer data and only if the 
transmission path is empty, transmits the packet in order 
to avoid a collision of transmission path use. As a result, 
both the real time data and random data can be trans- 
mitted to a destination. 

25 [0111] Next, communication processing for transmis- 
sion and reception of the packet carried out between the 
LAN terminal devices of this embodiment connected 
through the LAN will be described in detail. In a following 
description, a case where the LAN terminal device 2 

30 transmits real time data to the LAN terminal device 4 
while the LAN terminal device 5 transmits real time data 
to the LAN terminal device 3 as indicated by an arrow 
of FIG. 1 will be described. 

[0112] FIG. 3 is a diagram for explaining a processing 
35 for transmission of real time data according to this em- 
bodiment. According to this embodiment, the LAN ter- 
minal device 1 has a role of a communication control 
unit (control station) for controlling a communication cy- 
cle. Hereinafter, in this specification, a communication 
40 terminal called communication management unit or 
communication control unit is called control station. 
[0113] The LAN terminal device 2 and LAN terminal 
device 5 intending to transmit real time data such as 
voice data make communication timing allocation re- 
45 quests as indicated in an upper section to the left of FIG. 
3 and transmit them to the LAN terminal device 1 set up 
to act as a control station. 

[01 1 4] If the LAN terminal device 1 receives this com- 
munication timing allocation request, it allocates the 

so communication timing to the LAN terminal device 2 and 
the LAN terminal device 5 corresponding to a received 
allocation request. According to this embodiment, trans- 
mission sequence is allocated within a communication 
cycle as the communication timing. 

55 [0115] According to this embodiment, because the 
LAN terminal device 2 transmits an allocation request 
earlierthan the LAN terminal device 5, the LAN terminal 
device 1 allocates communication timing to the LAN ter- 
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minal device 2 to allow it to transmit real time data first 
within each communication cycle. Then, it allocates the 
communication timing to the LAN terminal device 5 to 
allow it to transmit real time data second. 
[01 1 6] The LAN terminal device 1 forms a head timing 
signal including information indicating the communica- 
tion timings allocated to the LAN terminal device 2 and 
the LAN terminal device 5. As indicated by arrows drawn 
to the right and left from the LAN terminal device 1 in 
FIG. 3, this head timing signal is transmitted to ail LAN 
terminal devices connected to the LAN of this embodi- 
ment at a head or just before the head of a communica- 
tion cycle of a predetermined length. 
[0117] The head timing signal is a packet which de- 
termines a communication cycle and transmitted to 
each LAN terminal device connected to the LAN of this 
embodiment at each communication cycle. Conse- 
quently, information about the head timing of each com- 
munication cycle and communication timing allocated to 
a LAN terminal device which made a request are notified 
to all communication terminals connected to the LAN of 
this embodiment. In the LAN of this embodiment, the 
network can be operated effectively by providing with 
the control station. 

[0118] After the communication timing is allocated, 
the LAN terminal device 2 and the LAN terminal device 
5 transmit real data to each transmission destination ac- 
cording to communication timing allocated to self within 
a communication cycle whose head position (head tim- 
ing) is indicated by the head timing signal. In this case, 
a carrier is detected prior to transmission of the packet 
and if the transmission path is empty, the packet is trans- 
mitted. 

[01 1 9] If the transmission path is empty as a result of 
the carrier detection, as shown in FIG. 3, the LAN ter- 
minal device 2 to which the first of the communication 
timing is allocated transmits real time data to the LAN 
terminal device 4 at the (first) of the real time region in 
each communication cycle. Next, after the LAN terminal 
device 2 transmits real time data second, the LAN ter- 
minal device 5 to which the second of the communica- 
tion timing is allocated transmits real time data to the 
LAN terminal device 3 through the real time region in 
each communication cycle. 

[0120] Because as shown in FIG. 3, at the head of 
each communication cycle, the head timing signal in- 
cluding information indicating the communication timing 
is transmitted to each LAN terminal device, real time da- 
ta packet is transmitted repeatedly through the real time 
region of each communication cycle indicated by the 
head timing signal based on information indicating the 
communication timing contained in the head timing sig- 
nal, so that the real time data is transmitted periodically 
at each communication cycle. 
[0121] According to this embodiment, the length of a 
communication cycle is predetermined. The length of 
this communication cycle is determined to be most ap- 
propriate length in the LAN (network) corresponding to 



various information such as the quantity of the LAN ter- 
minal devices connected to the same network, ratio be- 
tween transmissions of real time data and random data 
and the like. 

5 [0122] According to this embodiment, by allocating 
the communication timing corresponding to a commu- 
nication timing allocation request, real time region is se- 
cured successively in each communication cycle and a 
remaining region securing the real time region is used 
as random access region in each communication cycle. 
In this case, the real time region and random access 
region can be changed within a communication cycle 
depending on the quantity of the LAN terminal devices 
for transmitting real time data. 
[0123] If the length of a packet formed by a LAN unit 
of each LAN terminal device to transmit real time data 
is equal in every LAN unit, by allocating only the alloca- 
tion order in the communication cycle to a requesting 
LAN terminal device, as described above such as first 
and second, each LAN unit receiving an allocation of the 
communication timing can be notified of its own trans- 
mission timing in each communication cycle. 
[0124] That is, the LAN terminal device, to which the 
first of the communication timing is allocated, can rec- 
ognize that just after the head timing signal is transmis- 
sion timing allocated to itself. Each LAN terminal device, 
to which the second or the following of the communica- 
tion timing is allocated, can detect its own communica- 
tion timing from the head of a communication cycle by 
multiplying, for example, communication timing allocat- 
ed to itself, in this case, order information with the length 
of a packet. 

[0125] According to information sent from the LAN ter- 
minal device 1 which is a control station, respective LAN 
terminal devices connected to the same LAN (network) 
can know a head position of the communication cycle 
and transmission timing of a packet in the LAN terminal 
device including itself. According to this information, to 
where the real time region secured from the head posi- 
tion of each communication cycle is extended or from 
where the random access region begins can be known. 
[0126] Of course, each LAN terminal device can 
change the length of a packet to be formed depending 
on the kind of real time data to be transmitted and the 
quantity of real time data which should be transmitted. 
In this case, communication timing of each LAN terminal 
device, end position of the real time region and the like 
can be detected accurately by, for example, transmitting 
the length of the packet formed by itself to the LAN ter- 
minal device 1 together with the allocation request from 
each LAN terminal device, so as to notify each LAN ter- 
minal device of the length of the packet to be transmitted 
through the LAN terminal device 1 . Additionally, each 
LAN terminal device may notify other LAN terminal de- 
vices of the length of a packet to be formed by itself. 
[0127] In this case, each LAN terminal device can 
know accurately from where to where in a region the 
LAN terminal device, which receives an allocation of the 
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communication timing, transmits real time data. Further, 
each LAN terminal device can know to where the real 
time region for transmitting real time data depending on 
communication timing is extended and from where the 
random access region begins, according to the commu- s 
nication timing, the length of the packet, and the like. 
[0128] In this way, the real time data can be transmit- 
ted accurately through the real time region of each com- 
munication cycle based on communication timing and 
random data such as computer data can be also trans- 
mitted through the random access region. That is, by 
providing with both the real time region and the random 
access region in a communication cycle, both the real 
time data and random data can be transmitted or re- 
ceived accurately and securely. 
[0129] If according to this embodiment, for example, 
transmission of the real time data is completed or LAN 
unit user instructs to terminate real time data transmis- 
sion, transmission completing instruction, transmission 
terminating instruction or the like is supplied from the 
LAN terminal device 2 or the LAN terminal device 5 to 
the LAN terminal device 1. Correspondingly, the LAN 
terminal device 1 releases the allocation of the commu- 
nication timing, so that information indicating the com- 
munication timing allocated to the LAN terminal device 
which sends the transmission completing instruction, 
transmission terminating instruction and the like is 
erased from the head timing signal. 
[01 30] As a result, only information indicating commu- 
nication timing relative to the LAN terminal device actu- 
ally transmitting real time data is included in the head 
timing signal. Of course, by reallocating the communi- 
cation timing, the real time region and the random ac- 
cess region can be set up effectively. 
[0131] FIGS. 4, 5 are diagrams for explaining trans- 
mission of the packet from the LAN unit 22 and LAN unit 
52 of this embodiment. The LAN unit 22 of the LAN ter- 
minal device 2 and the LAN unit 52 of the LAN terminal 
device 5 receive the head timing signal (FIG. 4A) from 
the LAN terminal device 1 operating as a control station 
and extracts information indicating communication tim- 
ing allocated to itself contained in this head timing signal 
so as to know its own communication timing. 
[0132] According to this embodiment, as described 
above, the first and second communication timings are 
allocated to the LAN terminal unit 2 and LAN terminal 
unit 5 respectively. The LAN unit 22 transmits a packet 
formed depending on data from the terminal unit 21 at 
the first timing allocated to itself. Prior to transmission 
of the packet, it confirms that the transmission path is 
empty by detecting a carrier and if the transmission path 
is empty, it transmits the packet to transmit real time data 
as shown in FIG. 4B. 

[0133] Likewise, the LAN unit 52 of the LAN terminal 
unit 5 transmits a packet formed depending on data from 
the terminal device 51 at the second timing allocated to 
itself. Prior to the transmission of the packet, it confirms 
that the transmission path is empty by detecting the car- 



rier and if the transmission path is empty, it transmits the 
packet from the real time data as shown in FIG. 4C. In 
this way, each terminal device, to which communication 
timing is allocated, transmits at the communication tim- 
ing allocated to itself. 

[0134] Because according to this embodiment, only 
the LAN terminal unit 1 serves as the control station and 
allocates communication timing to each LAN terminal 
device, the same communication timing is never allocat- 
ed to plural LAN terminal devices in duplication. 
[0135] Therefore, if the packet for carrying real time 
data is transmitted at timing corresponding to commu- 
nication timing allocated to itself, it never collides with a 
packet of other LAN terminal devices connected to the 
LAN of this embodiment. However, it can be considered 
that there is a disturbing signal of the same frequency 
as that of earner used in the LAN of this embodiment. 
[01 36] As described above, by detecting the carrier, it 
is confirmed that the transmission path is empty. Only if 
there is no disturbing signal and the transmission path 
is empty so that the packet can be transmitted securely, 
the packet is transmitted. 

[0137] FIG. 5 is a diagram for explaining a case where 
there is a disturbing signal when the LAN terminal de- 
vice 2 intends to transmit the packet at communication 
timing allocated to itself. 

[0138] As shown in FIG. 5B, disturbing signal is gen- 
erated nearthe head of each communication frequency. 
Therefore, the LAN unit 22 of the LAN terminal device 
2 does not transmit any packet because the disturbing 
signal exists at timing just after (beginning (first) of each 
communication frequency) the head timing signal indi- 
cated by time points T1 , T2 in FIG. 5B. In this case, the 
LAN unit 22 repeats to detect the carrier signal. After the 
disturbing signal is eliminated thereby detecting that the 
transmission path is empty, the LAN unit 22 transmits 
the packet immediately as shown in FIG. 5C. 
[0139] If there is no disturbing signal because trans- 
mission of the packet from the LAN unit 22 is delayed, 
the LAN unit 52 cannot transmit the packet at the com- 
munication timing allocated to itself. However, because 
the LAN unit 52 also detects that the transmission path 
is empty by detecting the carrier, if it detects that the 
transmission path is empty after the packet is transmit- 
ted from the LAN unit 22, it immediately transmits the 
packet as shown in FIG. 5D. 

[0140] Each of the LAN terminal devices connected 
to the LAN (network) transmits the packet only if the 
packet can be transmitted securely by detecting the car- 
rier to confirm that the transmission path is empty. As a 
result, the reliability of the LAN of this embodiment can 
be intensified. Further, the packet is transmitted at a 
minimum interval if it is confirmed that the transmission 
path is empty by detecting the earner, transmission of 
the packet is never delayed due to detection of the car- 
rier, so that the packet can be transmitted securely and 
quickly. 

[0141] The LAN terminal device connected to the LAN 
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of this embodiment transmits so-called random data 
such as computer data through the random access re- 
gion RM after the real time region RL for transmitting 
real time data corresponding to communication timing 
within each communication cycle as shown in FIGS. 4, 
5. 

[01 42] When transmitting computer data (random da- 
ta) such as a text type message and a program, real 
time characteristic is not such an important problem, dif- 
ferent from real time data such as voice data. Therefore, 
the computer data only needs to be transmitted securely 
to a destination and capable of being used by user as 
required. 

[0143] If the random data is transmitted through the 
random access region RM, it never disturbs transmis- 
sion of the real time data and the random data can be 
transmitted securely to a destination. 
[0144] If transmission of the real time data is suspend- 
ed because a random access signal (disturbing signal) 
is mixed in real time region, priority is applied corre- 
sponding to transmission timing (transmission order) in 
order to continue normal transmission of the real time 
data. Transmission of the real time data can be contin- 
ued corresponding to this priority after the disturbing sig- 
nal is eliminated. 

[0145] An operation of the LAN terminal device for 
transmitting real time data will be described with refer- 
ence to a flow chart of FIG. 6. The processing shown in 
the flow chart of FIG. 6 is a processing which can be 
executed after communication timing allocation request 
is transmitted to the LAN terminal device 1 which is a 
control station, in the LAN terminal device intending to 
transmit the real time data. This processing is carried 
out by the LAN terminal device 2 and LAN terminal de- 
vice 5 in the aforementioned example. 
[0146] After receiving the communication timing allo- 
cation request, the LAN unit 22 of the LAN terminal de- 
vice starts the processing shown in FIG. 6. First, wheth- 
er or not the head timing signal is transmitted from the 
LAN terminal device 1 as the control station is deter- 
mined (step S101) and waiting condition is kept until the 
head timing signal is detected. 
[0147] If it is determined that the head timing signal is 
transmitted in determining processing of step S101, 
communication timing allocated to itself is detected 
based on information indicating communication timing 
contained in the head timing signal and waiting condition 
for transmission of the packet is kept until communica- 
tion timing allocated to itself is arrived at (step S102). 
[0148] If the communication timing allocated to itself 
is reached, whether or not a transmission path for trans- 
mitting the packet is empty is determined by detecting 
a carrier (step S103). If it is determined that the trans- 
mission path is not empty, in the determining processing 
of step S103, the determining processing of step S103 
is repeated to wait for the transmission path to be empty. 
If it is determined that the transmission path is empty 
without detecting any carrier in step S103, a packet 



formed to transmit the real time data is transmitted (step 
S104). 

[01 49] According to this embodiment, after the packet 
for transmitting real time data is not transmitted by the 

5 processing of step S1 04, processing is returned to main 
processing routine. However, if all object real time data 
is transmitted, the processing shown in FIG. 6 is repeat- 
ed, so that the packet is transmitted at communication 
timing allocated to itself through a real time region of 

10 each communication cycle. Consequently, the real time 
data can be transmitted to an object destination accu- 
rately and securely. 

[Re-transmission of real time data] 

15 

[01 50] A packet transmitted through a real time region 
of each communication cycle may not reach a destina- 
tion because it is affected by a disturbing signal, for ex- 
ample. For the reason, according to this embodiment, if 
20 the packet transmitted by itself is not transmitted to the 
destination properly or if the packet is not received prop- 
erly by the destination, each LAN terminal device re- 
transmits that packet. 

[0151] FIG. 7 is a diagram for explaining re-transmis- 

25 sion of the packet according to this embodiment. In this 
case also, a case where real time data is transmitted 
from the LAN terminal device 2 to the LAN terminal de- 
vice 4 while the real time data is transmitted from the 
LAN terminal unit 5 to the LAN terminal unit 3 will be 

30 described. 

[0152] As described above and shown in FIGS. 7B, 
7C, the LAN terminal device 2 and LAN terminal device 
5. transmit the packet (real time data) to the object LAN 
terminal device 4 and LAN terminal device 3 based on 

35 communication timing allocated to themselves con- 
tained in the head timing signal by the LAN terminal de- 
vice 1 at each communication cycle whose head is in- 
dicated by the head timing signal. 
[01 53] As described above, each LAN terminal device 

40 can know the size of the real time region based on the 
communication timing allocated to each LAN terminal 
device contained in the head timing signal, the length of 
the packet or the like. If a packet which should be trans- 
mitted properly is not transmitted through the real time 

45 region, the LAN unit 42 of the LAN terminal device 4 can 
detect this phenomenon according to a call signal from 
the LAN unit 22 of the LAN terminal device 2. 
[0154] If the LAN unit 42 detects that a packet which 
should be transmitted properly from the LAN unit 22 is 

50 not transmitted, as shown in FIG. 7D, a non-arrival no- 
tice which notifies that no packet is transmitted is f ormed 
in the random access region RM belonging to the same 
communication cycle as the real time region RL through 
which a packet for itself is to be transmitted and this no- 

55 tice is transmitted to the LAN unit 22. 

[0155] Then, the LAN unit 22 which receives the non- 
arrival notice for itself detects the carrier immediately so 
as to detect an empty space of transmission path in the 
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random access region. Then, it transmits the packet 
transmitted through the real time region again through 
the random access region. For the reason, the LAN unit 
22 of this embodiment holds the packet transmitted 
through the real time region of the communication cycle s 
at every communication cycle and stands by for re- 
transmitting it. 

[0156] According to this embodiment, if a packet 
transmitted through the real time region of each com- 
munication cycle is not transmitted property or the trans- 
mitted packet is not received property by a destination 
so that a non-arrival notice is transmitted from that des- 
tination, that real time data not received is transmitted 
again by random access through the random access re- 
gion of the same communication cycle. 
[0157] Therefore, even if the packet for transmitting 
the real time data is not received properly, the real time 
data can be transmitted again without damaging the real 
time characteristic of the real time data. Thus, quality of 
the real time data is never deteriorated. 

[About bi-directional communication] 

[0158] In the above described embodiment, a case 
where data is transmitted in a single direction from the 
LAN terminal device 2 to the LAN terminal device 4 or 
from the LAN terminal device 5 to the LAN terminal de- 
vice 3 has been described about communication meth- 
od, communication system and communication terminal 
of the present invention. However, the present invention 
can be applied to bi-directional communication used in 
for example, TV or TV telephone. Hereinafter, a case of 
the bi-directional communication will be described. 
[0159] The case for carrying out bi-directional com- 
munication will be described assuming that the LAN ter- 
minal device comprised of the LAN (network), terminal 
device and LAN unit of this embodiment are employed, 
with reference to FIGS. 1 , 2. In the case of the bi-direc- 
tional communication also, the structures of the LAN, 
terminal device and LAN unit described with reference 
to FIGS. 1 , 2 are not different. 
[0160] FIG. 8 is a diagram for explaining an operation 
of the LAN terminal device connected to the LAN of this 
embodiment in case of carrying out the bi-directional 
communication. FIG. 8 shows a case where the bi-di- 
rectional communication is carried out between the LAN 
terminal device 2 and the LAN terminal device 4 and an 
example of case where the LAN terminal device 4 is 
called from the LAN terminal device 2. 
[01 61 ] A communication request (call request) to the 
LAN terminal device 4 from a user, accepted through 
the terminal device 21 of the LAN terminal device 2 is 
supplied to an interface section 203 of the LAN unit 22 
through the connector 204 of the LAN unit 22. As indi- 
cated on topmost of FIG. 8, the interface section 203 
forms a call signal to the LAN terminal device 4 and 
transmits this to the LAN terminal device 4 through the 
transmitting/receiving section 202 and the antenna 201 . 



[0162] If the LAN unit 42 of the LAN terminal device 
4 receives a call signal for itself through the antenna 201 
and transmitting/ receiving section 202, it supplies this 
to the terminal device 41 through the interface section 
203 and the connector section 201 . Then, the terminal 
device 41 notifies user that such a call is received by 
ringing a bell, for example or indicating a message on a 
display connected to the terminal device corresponding 
to a call signal for itself. 

[0163] If user operates the terminal device 41 so as 
to respond to a call supplied from the LAN terminal de- 
vice 2, instruction information is supplied from the ter- 
minal device 41 to the LAN unit 42 to urge the LAN unit 
42 to respond to such a call. Based on this instruction 
information, the interface section 203 of the LAN unit 42 
forms a response (response information) to be sent 
back to the LAN unit 22 and transmits it to the LAN unit 
22 of the LAN terminal device 2 through the transmitting/ 
receiving section 202 and the antenna 201 . 
[0164] If the LAN unit 22 of the LAN terminal device 
2 receives a response from the LAN unit 42 of the LAN 
terminal device 4, it forms a request to allocate commu- 
nication timing to both itself (LAN terminal device 2) and 
the LAN terminal device 4 and sends it to the LAN ter- 
minal device 1 which operates as a control station. 
[0165] Corresponding to this allocation request, the 
LAN terminal device 1 allocates transmission order in 
each communication cycle to the LAN terminal devices 
2, 4 as communication timing. In this example, the LAN 
terminal device 1 allocates communication timing for 
transmitting data first of each communication cycle to 
the LAN terminal device 2 which calls. Further, the LAN 
terminal device 1 allocates data transmission timing for 
transmitting data second of each communication cycle 
to the destination terminal device 4. 
[0166] Like the case of communication in the single 
direction described above, the LAN terminal device 1 
transmits a head timing signal including information in- 
dicating communication timing to all the plural LAN ter- 
minal devices connected to the LAN of this embodiment 
at each head of communication cycles having a prede- 
termined length. 

[0167] Each LAN terminal device knows communica- 
tion timing allocated to the head of each communication 
cycle and each LAN terminal device from the head tim- 
ing signal sent from the LAN terminal device 1 . In each 
communication cycle, each LAN terminal device trans- 
mits real time data from itself at communication timing 
allocated to itself. 

[0168] Therefore, if the head timing signal is transmit- 
ted from the LAN terminal device 1 to each LAN terminal 
device as shown in FIG. 8, the LAN unit 22 of the LAN 
terminal device 2 assigned to transmit real time data first 
of a communication cycle transmits the real time data 
such as voice data at the first timing just after the head 
to the LAN terminal device 4 within each communication 
cycle. 

[0169] Then, the LAN unit 42 of the LAN terminal de- 
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vice 4 assigned to transmit the real time data second of 
the communication cycle transmits the real time data 
such as voice data at the second timing which is a next 
timing from the LAN terminal device 2 to the LAN termi- 
nal device 2 within each communication cycle. 
[0170] The LAN terminal device 4 reproduces voice 
data which is real time data sent from the LAN terminal 
device 2 at real time so that it can be heard, and the LAN 
terminal device 2 reproduces voice data which is real 
time data sent from the LAN terminal device 4 at real 
time so that it can be heard. 

[0171] Then, as shown in FIG. 8, transmission and re- 
ception of real time data such as voice data are repeated 
between the LAN terminal device 2 and the LAN termi- 
nal device 4 alternately based on the head timing signal 
supplied from the LAN terminal device 1 , which is a com- 
munication control unit, at real time in each communi- 
cation cycle, so that communication is carried out at real 
time. 

[0172] By receiving an allocation of the communica- 
tion timing, the other communication terminals than the 
LAN terminal device 2 and LAN terminal device 4 can 
transmit or receive real time data through the real time 
region. Further, like the case of communication in the 
single direction described above, the random data such 
as computer data can be transmitted by random access 
through the random access region in each communica- 
tion cycle. 

[01 73] In case of the bi-directional communication al- 
so, if the real time data cannot be transmitted properly 
through the real time region, the real time data can be 
transmitted securely by transmitting the data again 
through the random access region after the real time re- 
gion. 

[01 74] Re-transmission of the real time data is carried 
out in the following case. Like the case of communica- 
tion in the single direction described above, if the LAN 
terminal device 4 detects that the packet which should 
be transmitted from the LAN terminal device 2 is not 
transmitted, the LAN terminal device 4 transmits a non- 
arrival notice to the LAN terminal device 2 through the 
random access region just after the real time region in 
which the real time data which should be received can- 
not be received. 

[0175] The LAN unit 2 may hold real time data (pack- 
et) transmitted through the real time region just before, 
for example, and re-transmit the real time data (packet), 
which was transmitted through the real time region just 
before and held currently, if it receives a non-arrival no- 
tice. 

[0176] In case of carrying out bi-directional communi- 
cation as well, by providing with real time region for 
transmitting real time data at allocated communication 
timing and random access region for transmitting ran- 
dom data, the real time data can be transmitted or re- 
ceived securely and accurately without losing real time 
characteristic. Further, the random data can be trans- 
mitted or received through the random access region. 



[01 77] Even if it is intended to transmit real time data 
or random data, a collision of use of the transmission 
path can be avoided by detecting the earner. For exam- 
ple, in case where the LAN terminal device which does 
5 nothing but random access is connected also, the ter- 
minal device can coexist with that device. This can be 
said in case of the aforementioned communication in the 
single direction. 

[0178] Although according to the first embodiment, 
10 the real time region is set up successively in a commu- 
nication cycle by allocating communication timing and 
then the remaining portion of the communication cycle 
in which the real time region is set up is used as the 
random access region, the present invention is not lim- 
15 ited to this. 

[0179] It is permissible to set up a ratio between the 
real time region and random access region preliminarily 
in a communication cycle. For example, 2/3 of a com- 
munication cycle may be set up as real time region while 
20 1/3 of the communication cycle may be set up as ran- 
dom access region in advance. Further, the real time 
region and random access region may be set up alter- 
nately in a communication cycle. 
[0180] In the above described embodiment, it is as- 
25 sumed that the LAN terminal device 1 is operated as a 
communication control unit (control station). However, 
a LAN terminal device, which is turned on first and con- 
nected to a network when any LAN terminal device is 
not powered on and not connected to the network, may 
30 be operated as the communication control unit. 

[0181] In this case, each of communication terminals 
as plural LAN terminal devices connected to the network 
only has to be provided with a function as the commu- 
nication control unit and capable of acting as the com- 
35 munication control unit. Of course, the LAN terminal de- 
vice which acts as the communication control unit can 
also transmit or receive data. 

[0182] This is the same as in the embodiment de- 
scribed previously. The LAN terminal device 1 acting as 
40 the communication control unit can transmit real time 
data or random data from itself or transmit or receive 
data bi-directionally. In this case, for example, the LAN 
terminal device 1 may set up its own communication tim- 
ing by itself and notify other communication terminals 
45 thereof. 

[0183] It is permissible to provide the network with a 
dedicated server which acts as only the communication 
control unit and control communication among plural 
communication control terminals by this dedicated com- 
so munication control unit. 

[01 84] Further, a communication terminal intending to 
communicate can also allocate communication timing 
to itself and notify plural communication terminals con- 
nectedto the same LAN of this allocated communication 
55 timing so as to establish its own communication timing. 
In this case, by various methods, are employed. For ex- 
ample, at the head of the communication cycle respec- 
tive communication terminals control a common time 
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and a communication cycle is specified with reference 
to this common time. Or upon connection to the network, 
a synchronization for the communication cycle is ob- 
tained among the respective communication terminals. 

[Second embodiment] 

[01 85] Accordi ng to the aforementioned first embodi- 
ment, each LAN terminal device avoids a collision of use 
of the transmission path by detecting a carrier and if 
there is no carrier, transmits real time data at transmis- 
sion timing allocated preliminarily and fixedly for each 
LAN terminal device in a communication cycle. And 
each LAN terminal device carries out random access in 
an interval in which no transmission timing is allocated 
in each communication cycle. 

[0186] However, according to the method explained 
in the first embodiment, if there is a LAN terminal device 
incapable of transmitting the packet at allocated trans- 
mission timing because of mixing of disturbing signal in 
the transmission path, there is a possibility that collision 
of use of the transmission path cannot be prevented 
among the LAN terminal devices located subsequent to 
that LAN terminal device. 

[01 87] I n the LAN system of the first embodiment de- 
scribed with reference to FIG. 1 , it is assumed for ex- 
ample, that timing t1 , which is the first transmission tim- 
ing in a communication cycle, is allocated to the LAN 
terminal device 2 as shown in FIG. 9 and that timing t2, 
which is the second transmission timing in the commu- 
nication cycle, is allocated to the LAN terminal device 5. 
[0188] In a case shown in FIG. 9, any carrier is not 
detected. If the transmission path is empty, a packet is 
transmitted from the LAN unit 22 of the LAN terminal 
device 2 at timing t1 of each communication cycle as 
shown in FIG. 9B. As shown in FIG. 9B, a packet is 
transmitted from the LAN unit 52 of the LAN terminal 
device 5 at timing t2 of each communication cycle as 
shown in FIG. 9B. 

[0189] However, if a disturbing signal (FIG. 10B) is 
mixed in the transmission path just afterthe head timing 
signal (FIG. 1 0A) is transmitted as shown in FIG. 1 0, the 
LAN unit 22 of the LAN terminal device 2 detects a car- 
rier so as to find out that the transmission path is not 
empty and therefore, a waiting condition is arisen until 
the transmission path becomes empty. 
[01 90] If an emptiness of the transmission path is de- 
tected in the LAN unit 22 such that a point of time when 
a packet is intended to be transmitted happens to be of 
the same timing as transmission timing t2 allocated to 
the LAN terminal device 5 as shown in FIGS. 10C, D, a 
packet transmitted from the LAN terminal device 2 col- 
lides with a packet transmitted from the LAN terminal 
device 5. 

[0191] In case of an example shown in FIG. 10, a 
packet sent from the LAN terminal device 5 is transmit- 
ted earlier than the packet from the LAN terminal device 
2 because of a slight deviation of timing so that the trans- 



mission order of the packet may be disturbed. In this 
case, appropriate transmission and reception of the real 
time data is disabled. 

[0192] Therefore, according to the second embodi- 
ment, a collision of use of the transmission path is pre- 
vented securely and the sending order of the packets 
from plural LAN terminal devices is maintained appro- 
priately so as to enable the real time data to be trans- 
mitted or received securely. Hereinafter, the second em- 
bodiment of the present invention will be described be- 
low. 

[0193] FIG. 11 is a diagram for explaining the struc- 
ture of the LAN according to the second embodiment. 
Like the LAN system of the first embodiment already de- 
scribed with reference to FIG. 1 , the LAN of the second 
embodiment has so-called Peer to Peer LAN structure 
that it has no dedicated server and respective commu- 
nication devices connected to the network stand on the 
same position. 

[0194] In respective LAN terminal devices 1 -5, like the 
LAN terminal devices 1 -5 of the first embodiment de- 
scribed previously, terminal devices 11, 21, 31, 41, 51 
like personal computers and radio communication units 
(LAN units) 13, 23, 33, 43, 53 which are communication 
terminals of this embodiment corresponding to each ter- 
minal device are provided. 

[0195] In the LAN system of the second embodiment 
formed of these LAN terminal devices 1 -5, like the LAN 
system of the first embodiment described previously, 
each of the LAN terminal devices 1 -5 uses carrier of a 
predetermined frequency and a common transmission 
path so as to transmit various kinds of data through 
packet. 

[0196] In the second embodiment also, as described 
later, each of the LAN units 13, 23, 33, 43, 53 connected 
to the respective LAN terminal devices detects a carrier 
before transmitting the packet so as to avoid a collision 
of use of the transmission path. 
[0197] FIG. 12 is a block diagram for explaining the 
LAN units 1 3, 23, 33, 43, 53 of the second embodiment. 
That is, according to the second embodiment, each of 
the LAN units 13, 23, 33, 43, 53 have the structure 
shown in FIG. 12. 

[0198] As shown in FIG. 12, each of the LAN units 13, 
23, 33, 43, 53 of the second embodiment comprises an 
antenna 301 , a receiving section 302 of radio signal, a 
transmitting section 303 of radio signal, a carrier empty 
time detecting section (empty time detecting section in 
FIG. 12) 304, an interface section 305, a connector 306, 
a CPU 311 , a ROM 312, a RAM 313 and a bus 314. 
[0199] The CPU 311, ROM 312 and RAM 313 con- 
nected through the bus 314 compose a control section 
310 for the LAN unit of the second embodiment. Here, 
the CPU 311 is a central operation unit, the ROM 312 is 
a read only memory which stores programs and the 
RAM 313 is a random access memory for temporary 
storage, used as a working area. 
[0200] Like the control section 21 0 of the LAN unit of 
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the first embodiment, the control section 31 0 is connect- 
ed to the receiving section 302, the carrier empty time 
detecting section 304 and the interface section 305 
through the bus 31 4 so that these can be controlled by 
the bus 314. Further, the control section 310 can obtain s 
necessary data of data received by the receiving section 
302 described later from the receiving section 302 and 
be supplied with control information from the terminal 
device through the interface section 305. 
[0201] The receiving section 302 demodulates pack* 10 
ets received through the antenna 301 and supplies it to 
the interface section 305. The receiving section 302 ex- 
tracts data necessary for control of the LAN unit from 
the demodulated received packet and supplies it to the 
control section 31 0. The transmitting section 303 is sup- 
plied with transmission data from the interface, section 
305 and modulates it and then transmits it to a transmis- 
sion path through the antenna 301 . 
[0202] The carrier empty time detecting section 304 
detects presence or absence of radio signal on the 20 
transmission path by monitoring received power and if 
emptiness longer than a predetermined time length on 
the transmission path is detected, controls the transmit- 
ting section 303 so as to transmit the transmission pack- 
et. That is, the carrier empty time detecting section 304 25 
has a function as data transmission control means for 
controlling transmission timing of the transmission pack- 
et. 

[0203] Like the interface section 202 of the LAN unit 
of the aforementioned first embodiment, the interface 30 
section 305 enables exchange of data between the ter- 
minal device and the LAN (network) of the second em- 
bodiment. It has a function for generating the transmis- 
sion packet and disassembling a received packet and 
can supply control information from the terminal device 35 
to the control section 310. The connector 306 is used 
for connecting the LAN unit to the terminal device. 
[0204] An operation for transmission and reception of 
data between the terminal devices of the second em- 
bodiment formed of the terminal devices and the LAN *o 
units will be described. First, an operation for transmit- 
ting data by radio by random access will be described 
about a case of transmitting data from the LAN terminal 
device 2 to the LAN terminal device 4 by radio. 
[0205] When transmitting data from the LAN terminal *s 
device 2 to the LAN terminal device 4 by random access 
in FIG. 11, first, a transmission instruction and transmis- 
sion data containing necessary information such as an 
address (self ID) of the LAN terminal device 2 and a des- 
tination address (destination ID) are supplied from the so 
terminal device 21 to the LAN unit 23. 
[0206] The transmission instruction supplied to the 
LAN unit is supplied to the control section 310 through 
the interface section 305. If the transmission instruction 
is supplied, the control section 31 0 controls the interface 55 
section 305, so that the transmission packet is formed 
corresponding to transmission data from the terminal 
device 21 . 



[0207] At the same time, the control section 31 0 spec- 
ifies a carrier empty time on the transmission path which 
must be recognized (secured) prior to transmission of 
the transmission packet in order to avoid a collision of 
use of the transmission path. This carrier empty time in- 
dicates a time interval between the transmission termi- 
nation time of a packet transmitted to the transmission 
path just before the packet is transmitted from the LAN 
unit and the packet transmitted from that LAN unit. The 
shorter this carrier empty time is, the more easily a pack- 
et can be transmitted from itself, just after a packet is 
transmitted to the transmission path from another LAN 
terminal device. 

[0208] As described above, the carrier empty time de- 
tecting section 304 detects emptiness on the transmis- 
sion path by monitoring received voltage and counts 
time in which the transmission path is empty from a point 
of time when transmission of a preceding packet is ter- 
minated. As described above, if emptiness correspond- 
ing to empty time set up by the control section 310 is 
detected, it is judged that the transmission path is empty. 
Then, the transmitting section 303 is controlled so that 
the transmission packet formed by the interface section 
305 is transmitted to the transmission path through the 
transmitting section 303 and antenna 301 . Consequent- 
ly, the transmission packet from the LAN terminal device 
2 is transmitted to the LAN terminal device 4. 
[0209] The LAN unit 43 of the LAN terminal device 4 
receives only a packet having its own address as a des- 
tination ID and supplies it to the interface section 305 of 
the LAN unit 43. The interface 305 disassembles the 
packet received from the receiving section 302 and sup- 
plies main information such as computer data to the ter- 
minal device 41 through the connector 306. Conse- 
quently, data from the LAN terminal device 2 is supplied 
to the LAN terminal device 4, so that this data becomes 
available in the LAN terminal device 41 of the LAN ter- 
minal device 4. 

[0210] Because the carrier is detected prior to trans- 
mission of the packet, although random waiting time is 
sometimes required, random data such as computer da- 
ta can be transmitted without any problem. However, un- 
der this condition, real time data, which must be trans- 
mitted periodically such as voice and animation, cannot 
be transmitted. As described previously with reference 
to FIGS. 9, 1 0, sometimes a collision of use of the trans- 
mission path cannot be prevented securely if nothing but 
allocation of the transmission timing fixedly is done. 
[0211] For the second embodiment, communication 
order for transmitting real time data is allocated prelim- 
inarily to a LAN terminal device intending to transmit the 
real time data, so that real time data packet can be trans- 
mitted without disturbing the communication order cor- 
responding to the preliminarily allocated communication 
order while detecting emptiness on the transmission 
path at the time of transmission of the packet. 
[0212] As described above, transmission condition of 
a packet before a self communication order is always 
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recognized to minimize an empty time for recognizing 
emptiness on the transmission path and transmission 
timing of sett packet is automatically adjusted corre- 
sponding to the transmission condition of the packet. 
[0213] As a result, when transmitting real time data 
such as voice and animation by means of the packet, if 
there is other communication devices or noise sources 
on the transmission path, the packet is transmitted while 
avoiding those to prevent a collision of use of the trans- 
mission path. Even after the collision of use of the trans- 
mission path is avoided, the transmission of the packet 
is always achieved at optimum timing without disturbing 
the communication order of the packets by exchange of 
the communication order to transmit the real time data 
properly. 

[0214] Next, an operation for transmitting real time da- 
ta such as voice and animation by means of the packet 
under the second embodiment will be described. Here- 
inafter, as indicated by arrows in FIG. 11 , it is assumed 
that requests for transmission of real time data from the 
LAN terminal device 2 to the LAN terminal device 4, from 
the LAN terminal device 3 to the LAN terminal device 2 
and from the LAN terminal device 5 to the LAN terminal 
device 3 are made. 

[021 5] According to the second embodiment also, like 
the first embodiment described previously, the LAN ter- 
minal device 1 operates as a control station to allocate 
communication order of real time data corresponding to 
a request from the LAN terminal device intending to 
transmit the real time data and then, transmit the allo- 
cated communication order through a head timing signal 
in order to notify each of the LAN terminal devices of the 
communication order for the real time data. 
[021 6] The head timing signal sent from the LAN ter- 
minal device 1 operating as a control station is a signal 
indicating the head of a communication cycle of a pre- 
determined length like the first embodiment described 
previously and contains information indicating the 
length of the packet transmitted from each LAN terminal 
device. 

[0217] Therefore, if the LAN terminal device transmits 
a request for allocation of communication order for real 
time data, by receiving the head timing signal from the 
LAN terminal device 1 , each LAN terminal can know 
communication order allocated to itself. 
[0218] According to communication order allocated to 
each LAN terminal device contained in the head timing 
signal from the LAN terminal device 1 and information 
indicating the packet length of the real time data, each 
LAN terminal device can know ranges of real time region 
RL in a communication cycle and random access region 
RM other than the real time region RL in a communica- 
tion cycle clearly. 

[0219] If the LAN unit 23 receives a connection re- 
quest (real time data transmission request) for connect- 
ing to the LAN terminal device 4 from the terminal device 
21 , it transmits a communication order allocation re- 
quest to the LAN terminal device 1 operating as a control 



station by random access like the first embodiment de- 
scribed previously. 

[0220] According to the second embodiment, the LAN 
terminal device 1 allocates the first communication or- 

5 der for the real time data to the LAN terminal device 2 
corresponding to a communication order allocation re- 
quest from the LAN terminal device 2 and then, the al- 
located communication order and information indicating 
the packet length of real time data transmitted from the 

10 LAN terminal device 2 are transmitted through the head 
timing signal. 

[0221] By receiving this head timing signal, the LAN 
terminal device 2 knows a communication order (first) 
allocated to itself and each LAN terminal device other 

15 than the LAN terminal device 2 come to know what com- 
munication order is allocated to the LAN terminal device 
2. Likewise, according to the second embodiment, cor- 
responding to communication order allocation request 
from each LAN terminal device, the second communi- 

20 cation order is allocated to the LAN terminal device 3 
and the third communication order is allocated to the 
LAN terminal device 5, so that these are notified to each 
LAN terminal device through the head timing signal. 
[0222] The LAN terminal devices 2, 3, 5 in this em- 

25 bodiment transmit the packet corresponding to commu- 
nication order allocated to themselves with reference to" 
the head timing signal. That is, each LAN terminal de- 
vice intending to transmit real time data can know its 
own timing for transmitting the packet in each commu- 

30 nication cycle based on communication order notified 
through the head timing signal and the length of packet 
transmitted from each LAN terminal device, so that the 
packet can be transmitted corresponding to the allocat- 
ed communication order. 

35 [0223] In this case, although emptiness of the trans- 
mission path is detected prior to transmission of the 
packet as described above, the packet can be transmit- 
ted securely because the packet is sent at a minimum 
interval. A section to which a timing having an allocation 

40 of communication order or a transmission timing for the 
real time data is not allocated can be used as the ran- 
dom access region, and it can coexist with other com- 
munication devices for carrying out only random access. 
[0224] Further, even if random data of other commu- 

45 nication devices interrupt real time region to which com- 
munication order is assigned, a collision is avoided by 
detecting emptiness of the transmission path. At a min- 
imum interval or if the interruption data disappear from 
the transmission path, the packet can be transmitted at 

so a minimum interval after the disappearing. 

[0225] According to the second embodiment, by 
changing the transmission path carrier empty time to be 
secured prior to transmission of the packet to the trans- 
mission path, corresponding to a communication order 

55 allocated to itself, in each LAN terminal device to which 
a communication order is allocated, even if some LAN 
terminal device cannot transmit the packet at propertim- 
ing because a disturbing signal is mixed in the transmis- 
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sion path, the communication order is never changed. 
[0226] FIG. 13 is a diagram for explaining setting of 
the carrier empty time which needs to be secured on the 
transmission path prior to transmission of the packet. 
According to the second embodiment, as the communi- 5 
cation order comes later, the carrier empty time on the 
transmission path which needs to be secured is in- 
creased, so that it is 50useconds for the first LAN unit 
23, 1 00 useconds for the second LAN unit 33 and 150 
^seconds for the third LAN unit. 
[0227] As described above, this carrier empty time re- 
fers to an empty time of the transmission path from a 
transmission termination point ed of a packet or disturb- 
ing signal existing on the transmission path just before 
transmitting the packet as shown in FIG. 13. Therefore, 
by changi ng the carrier empty time secured o n the trans- 
mission path depending on the allocated communica- 
tion order, this carrier empty time itself becomes infor- 
mation indicating priority of packet transmission upon 
transmission of real time data through the packet. 
[0228] In a case shown in FIG. 1 3, at timing T1 which 
is 50u£econds after the transmission termination point 
ed of the packet or disturbing signal existing on the 
transmission path just before transmitting the packet, 
the LAN unit 23 is enabled to transmit the packet. If at 
the timing T1 , the packet is not transmitted from the LAN 
unit 23 for some reason, the LAN unit 33 is enabled to 
transmit the packet at timing T2 which is 100useconds 
after the transmission termination point ed of the packet 
or disturbing signal just before. 
[0229] Likewise, if no packet is transmitted from the 
LAN unit 23 at timing T1 for some reason and no packet 
is transmitted from the LAN unit 33 at timing T2 for some 
reason, the LAN unit 53 is enabled to transmit the packet 
at timing T3, which is 150 useconds after the transmis- 
sion termination point ed of the packet or disturbing sig- 
nal just before. 

[0230] Therefore, if a packet for transmitting real time 
data is not transmitted because of a trouble of a LAN 
terminal device located at a higher communication or- 
der, a LAN terminal device located at a next communi- 
cation order is enabled to transmit the packet, so that 
the packet can be transmitted effectively. 
[0231 ] This setting of the carrier empty time is carried 
out by a control section 310 of the LAN unit, which re- 
ceives the head timing signal through the receiving sec- 
tion 302 so as to detect a communication order allocated 
to itself, for the carrier empty time detecting section 304. 
Then, the carrier. empty time detecting section 304 de- 
tects the carrier as described above and if it detects 
emptiness of the transmission path, counts transmis- 
sion path emptiness duration time. If this count value- 
coincides with a set empty time (set value), it supplies 
a transmission instruction to the transmitting section 
303. 

[0232] Therefore, if the transmission path is not avail- 
able because for example, a disturbing signal is mixed 
into the transmission path during counting of the trans- 



mission empty time, the count value up to then is 
cleared. If an emptiness of the transmission path is con- 
finned again after the disturbing signal is eliminated, the 
counting is carried out from first again. That is, the car- 
rier empty time detecting section 304 detects a contin- 
uous empty time on the transmission path. 
[0233] However, if the packet is transmitted from the 
LAN unit 23 having the first communication order prop- 
erly, if a disturbing signal or the like is mixed in at least 
for lOOjiseconds after, the transmission termination 
point of that packet, the LAN unit 33 cannot transmit the 
packet for transmitting the real time data until 
1 0Ouseconds passes after the transmission termination 
point of that disturbing signal. This leads to reduction of 
the entire communication amount. 
[0234] The LAN unit of the second embodiment mon- 
itors all packets transmitted to the transmission path and 
if the packet is transmitted from a LAN unit located at a 
higher communication order properly, it reduces a car- 
rier empty time set up in the carrier empty time detecting 
section 304. In this case, the empty time is reduced to 
an empty time corresponding to a communication order 
raised by one from its own communication order. 
[0235] FIG. 1 4 is a diagram for explaining a procedure 
for reducing the carrier empty time set in th e carrier emp- 
ty time detecting section 304 corresponding to a com- 
munication order assigned to itself. As described with 
reference to FIG. 1 3, a case where corresponding to the 
communication order notified through the head timing 
signal, 50u5econds empty time is set for the LAN unit 
23, 1 00 ixseconds empty time is set for the LAN unit 33 
and 1 50useconds carrier empty time is set for the LAN 
unit 53 will be described. 

[0236] In the carrier empty time detecting section 304 
of the LAN unit 23, the empty time (carrier empty time) 
to be secured on the transmission path is set to 
50useconds. If any disturbing signal is not mixed in the 
transmission path, as shown in FIG. 14B, the LAN unit 
23 transmits the packet at timing T1 in which emptiness 
of SO^seconds of the transmission path is detected after 
the transmission termination point of the head timing 
signal (FIG. 14A). 

[0237] Then, the packet transmitted from the LAN unit 
of each LAN terminal device contains an address (trans- 
mitter ID) of the transmitter LAN unit and an address 
(destination ID) of object destination. Thus, in the LAN 
unit of each LAN terminal device connected to the LAN 
system according to the second embodiment, informa- 
tion indicating a transmitter is extracted from a packet 
received by the receiving section 302. What communi- 
cation order the LAN unit transmitting the packet has 
can be known by considering this extracted information 
and communication order allocated to each LAN termi- 
nal device notified through the head timing signal. 
[0238] If it is detected that the packet is transmitted 
from a LAN unit having a higher communication order 
than that allocated to itself, its own communication order 
is raised within the communication cycle, thereby reduc- 
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ing the carrier empty time set up in the carrier empty 
time detecting section 304. 

[0239] That is, if the packet is transmitted from the 
LAN unit 23 as shown in FIG. 14B, the LAN unit 33 re- 
duces the carrier empty time set up in the carrier empty 5 
time detecting section 304 from 100u. seconds to 
50u,seconds by control by the control section 310 as 
shown in FIG. 14C. Likewise, the LAN unit 53 reduces 
the carrier empty time set in the carrier empty time de- 
tecting section 304 from 1 50u. seconds to 1 00u.seconds io 
by a control of the control section 31 0 as shown in FIG. 
14D. 

[0240] If any disturbing signal is mixed in the trans- 
mission path for 50u.seconds after the packet is trans- 
mitted from the LAN unit 23 as shown in FIG. 14C, the *5 
LAN unit 33 transmits the packet at timing T1 in which 
50u.seconds pass after the transmission of the packet 
from the LAN unit 23 is completed. In this case, the LAN 
unit 53 reduces the carrier empty time set in the carrier 
empty time detecting section 304 from 1 OO^iseconds to 20 
50|xseconds by control of the control section 310 as 
shown in FIG. 14E. 

[0241] if any disturbing signal or the like is not mixed 
in the transmission path after data is transmitted from 
the LAN unit 33, the LAN unit 53 is enabled to transmit 25 
the packet at timing T1 in which 50useconds pass after 
the packet is transmitted from the LAN unit 33 as shown 
in FIG. 14(E). 

[0242] Consequently, each LAN unit prevents prelim- 
inarily determined communication order from being dis- 30 
turned when transmitting real time data. Thus, the real 
time data can be transmitted securely. Further, because 
its own packet can be transmitted in a time as short as 
50jiseconds after a previous transmission of the packet 
is completed, the real time data can be transmitted 35 
quickly and effectively. 

[0243] Setting of the empty time corresponding to 
communication order carried out in each LAN unit, re- 
duction of the set empty time and packet transmission 
control processing will be described with reference to *o 
flow charts of FIGS. 15, 16. 

[0244] FIG. 15 is a flow chart for explaining setting 
processing for the empty time and reduction processing 
for the set empty time corresponding to communication 
order allocated to itself, to be carried out by the LAN unit 45 
of a LAN terminal device which transmits a communica- 
tion order allocation request. 

[0245] The LAN unit which transmits a communica- 
tion order allocation request to transmit real time data 
carries out a processing shown in FIG. 1 5. First, the con- so 
trol section 310 of the LAN unit determines whether or 
not a head timing signal sent from the control section is 
received through the receiving section 302 (step S201 ). 
If it is determined that the head timing signal is not re- 
ceived in the determining processing of step S201 , the 55 
determining processing of this step S201 is repeated un- 
til the head timing signal is received. 
[0246] If it is determined that the head timing signal is 



received in the determining processing of step S201 , the 
control section 310 controls the receiving section 302 to 
extract information indicating communication order from 
the head timing signal received by the receiving section 
302 (step S202). 

[0247] The control section 31 0 sets up a carrier empty 
time corresponding to communication order allocated to 
itself extracted from the head timing signal in the carrier 
empty time detecting section 304 (step S203). That is, 
as described with reference to FIG. 1 3, in the processing 
of step S203, a carrier empty time corresponding to 
communication order is set in the carrier empty time de- 
tecting section 304, so that carrier empty time of 
50useconds is set if the allocated communication order 
is the first and 1 00u. seconds is set up if the communi- 
cation order is the second. 

[0248] In step S202, the receiving section 302 ex- 
tracts not only the allocated communication order but 
also communication order allocated to other LAN termi- 
nal devices which is a communication order allocation 
requester and information indicating the packet length 
of real time data to be transmitted by other LAN terminal 
devices and supplies them to the control section 310. 
[0249] Consequently, the control section 310 can 
know how many LAN terminal devices sharing the same 
transmission path intend to transmit real time data orthe 
packet length of real time data to be transmitted from 
those LAN terminal devices. As a result, the real time 
region RL for real time communication and random ac- 
cess region RM can be distinguished clearly in a com- 
munication cycle. 

[0250] According to the second embodiment, if the 
carrier empty time is set up in the carrier empty time de- 
tecting section 304 by processing of step S203, as de- 
scribed in detail later, the carrier empty time detecting 
section 304 detects emptiness of the transmission path 
and counts that empty time. Based on the counted value 
and set carrier empty time, the packet transmission con- 
trol processing is started separately from the processing 
shown in FIG. 15. 

[0251] If the carrier empty time is set up in the carrier 
empty time detecting section 304 by processing of step 
S203 in the processing shown in FIG. 15, according to 
the second embodiment, the control section 310 deter- 
mines whether or not any electric wave including the 
packet or disturbing signal such as noise is transmitted 
to the transmission path based on a result of the carrier 
detection by the carrier empty time detecting section 
304 (step S204). 

[0252] If it is determined that any electric wave is not 
transmitted to the transmission path by the determining 
processing of step S204, the reduction processing for 
the carrier empty time, which will be described later, is 
not necessary. Thus, the processing from the step S204 
is repeated. Further, if it is determined that any electric 
wave is transmitted to the transmission path by the de- 
termining processing of step S204, the control section 
31 0 determines whether or not the electric wave trans- 
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mittedto the transmission path is a packet from the other 
LAN terminal devices sharing the same transmission 
path based on a result of reception by the receiving sec- 
tion 302 (step S205). 

[0253] If it is determined that the electric wave trans- 5 
mitted to the transmission path is so-called disturbing 
signal such as noise or a signal generated from other 
electronic devices by the determining processing of step 
S205, the reduction processing for the carrier empty 
time, which will be described later, is not necessary. 
Thus, the processing from step S204 is repeated. 
[0254] If it is determined that the electric wave trans- 
mitted to the transmission path is a packet sent from the 
other LAN terminal devices sharing the same transmis- 
sion path by the determining processing of step S205, 
from which LAN unit that packet is sent is determined 
based on information contained by the packet received 
by the receiving section 302 (step S206). 
[0255] In step S206, whether or not a communication 
order for transmitting the packet next is itself (from its 
own node) is determined, based on recognized informa- 
tion and communication order allocated to all LAN ter- 
minal devices which are communication order allocation 
requester provided by the head timing signal (step 
S207). 

[0256] If it is determined that the communication order 
for transmitting the packet next is not from its own node 
by the determining processing of step S207, whether or 
not the transmission of a packet from a LAN unit whose 
communication order transmitted to the transmission 
path is before its own node is completed is determined 
(step S208). This determination can be carried out 
based on information obtained by receiving a packet 
transmitted to the transmission path by the receiving 
section 302 and then investigating its content. 
[0257] If it is determined that the transmission of the 
packet from a LAN unit before its own node is not com- 
pleted by the determining processing of step S208, the 
processing of step S208 is repeated and a waiting con- 
dition is arisen until the transmission of that packet to 
the transmission path is completed. 
[0258] If it is determined that the transmission of the 
packet from the LAN unit before its own node in terms 
of communication order is completed by the determining 
processing of step S208, the control section 310 chang- 
es th e carrier empty time set up in the carrier empty time 
detecting section 304 to a carrier empty time in which 
the communication order allocated to itself is raised by 
one (step S209). 

[0259] In a processing of step S209, after transmis- 
sion of the packet from a LAN unit of a preceding com- 
munication order is terminated, carrier empty time is re- 
duced to raise the priority of packet transmission within 
the communication cycle. If the processing for reduction 
of the carrier empty time is terminated, the control sec- 
tion 310 repeats the processing of step S204. 
[0260] In the determining processing of step S207, 
when it is determined that an order for transmitting the 



packet next is its own node, it (its own node) has the 
highest priority timing for transmission of the packet. If 
the processing shown in FIG. 1 5 is terminated while the 
transmission of the real time data is not terminated, the 
processing shown in FIG. 15 is repeated and in a next 
communication cycle, the same processing is carried 
out. 

[0261] According to the second embodiment, a com- 
munication order is allocated, and setting of the earner 
empty time and reduction processing are carried out de- 
pending on the allocated communication order. 
[0262] FIG. 16 shows a flow chart for explaining a 
packet transmission control processing to be carried out 
in the carrier empty time detecting section 304 in which 
a carrier empty time is set up in step S203 of FIG. 15. 
[0263] If as described above, the carrier empty time 
is set up corresponding to the communication order al- 
located to itself by the control section 31 0, when the car- 
rier empty time detecting section 304 detects that the 
transmission path is empty by detecting the carrier, it 
starts counting the transmission path empty time. By 
comparing this counted value with the set carrier empty 
time, whether or not emptiness of the transmission path 
corresponding to the set carrier empty time is detected 
is determined (step S301). 

[0264] According to the second embodiment, if a dis- 
turbing signal is mixed after the counting of the trans- 
mission path empty time is started, the counted value is 
cleared. If the transmission path emptiness is detected 
again, counting of the transmission path is carried out 
from the beginning. 

[0265] Until the emptiness of the transmission path 
corresponding to the set up carrier empty time is detect- 
ed, the processing of step S301 is repeated. If in the 
determining processing of step S301 , it is determined 
that the carrier empty time detecting section 304 detects 
emptiness of the transmission path corresponding to the 
set carrier empty time, the carrier empty time detecting 
section 304 supplies a control signal for instructing 
transmission of a real time data packet to the transmit- 
ting section 303. Then, transmission of the real time 
packet from the transmitting section 303 is carried out 
(step S302). 

[0266] Like the above described first embodiment, the 
LAN terminal device intending to transmit the real time 
data transmits a packet communication order allocation 
request to the control station. After the LAN unit intend- 
ing to transmit the real time data receives the packet 
communication order allocation, packet transmission 
condition from an LAN unit having a communication or- 
der higher than itself is monitored through the receiving 
section 302 so as to reduce the carrier empty time. 
[0267] Consequently, the packet for transmitting real 
time data sent out successively from each LAN unit can 
be transmitted in a minimum interval relative to an elec- 
tric wave just before (50u, seconds according to the sec- 
ond embodiment). If no packet is transmitted from a LAN 
unit of a preceding communication order for some rea- 
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son, the packet can be transmitted from a LAN unit of 
the next communication order 
[0268] Further, even if a proper transmission timing 
corresponding to a communication order allocated to 
the LAN unit of each LAN terminal device is shifted due 
to a mixture of a disturbing signal or the like into the 
transmission path, a collision and exchange of commu- 
nication order are prevented by the priority order (priority 
timing for packet transmission) by the carrier empty time 
which is an interval relative to an electric wave just be- 
fore, so that the packet can be transmitted correspond- 
ing to a communication order determined preliminarily 
by the control station. 

[0269] As evident from the above description , accord- 
ing to the second embodiment, the control section 310 
of the LAN unit has a function as a empty time setting 
means for setting the carrier empty time in the carrier 
time detecting section 304. The carrier empty time de- 
tecting section 304 has a function as a data transmission 
control means for controlling the transmission timing of 
the real time data from the transmitting section 303. 
[0270] The receiving section 302 and control section 
31 0 achieve a function as a data transmission detecting 
means for detecting whether or not a packet is transmit- 
ted from a LAN unit having a higher communication or- 
der than itself. The control section 310 has a function 
for reducing a carrier empty time set up in the carrier 
empty time detecting section 304. 
[0271] FIG. 17 is a diagram for explaining a case 
where in the LAN system of the second embodiment 
shown in FIG. 11 , the real time data is transmitted from 
the LAN terminal device 2 to the LAN terminal device 4, 
from the LAN terminal device 3 to the LAN terminal de- 
vice 2 and from the LAN terminal device 5 to the LAN 
terminal device 3. 

[0272] Each LAN terminal device composing the LAN 
system of the second embodiment knows a communi- 
cation order allocated to each LAN terminal device 
which transmitted a communication order allocation re- 
quest according to the head timing signal (FIG. 17A) 
form the LAN terminal device 1 operating as the control 
station. 

[0273] According to the second embodiment, as de- 
scribed above, the first, second and third communica- 
tion orders are allocated to the LAN terminal device 2, 
LAN terminal device 3 and LAN terminal device 5. As 
described above, in the LAN unit of each LAN terminal 
device to which the communication order is allocated, 
the carrier empty time is set up. 
[0274] According to the second embodiment, if any 
disturbing signal is not mixed in the transmission path, 
the LAN unit 23 which has the first communication order 
and in which a carrier empty time of 50useconds is set 
up transmits a packet for transmitting the real time data 
after 50u,seconds pass after the transmission of the 
head timing signal (FIG. 1 7A) is terminated as shown in 
FIG. 17B. 

[0275] If the packet is transmitted from the LAN unit 



23, as described above, the carrier empty time set up in 
the carrier empty time detecting section 304 of the LAN 
unit 33 is reduced from 1 00u. seconds to 50jiseconds 
and the earner empty time set up in the carrier empty 
5 time detecting section 304 of the LAN unit 53 is reduced 
from 150useconds to 100u.seconds. 
[0276] if as shown in FIGS. 1 7B, 1 7C, an external 
noise is mixed in the transmission path just after the 
packet is transmitted from the LAN unit 23, transmission 
of the packet from the LAN unit 33 and LAN unit 53 hav- 
ing a communication order lower than the second com- 
munication order is disabled. 

[0277] However, because each LAN unit can know 
that the external noise is eliminated by detecting the car- 
rier as described above, the LAN unit 33 transmits the 
packet after 50^seconds pass after the external noise 
is eliminated as shown FIG. 17C. 
[0278] In this case, the transmission timing of the 
packet from the LAN unit 33 is originally the same as or 
near the transmission timing of the packet from the LAN 
unit 53. However, because the carrier empty time set up 
in the LAN unit 53 is 100u.seconds, the LAN unit 53 nev- 
er transmits the packet ahead of the LAN unit 33 or at 
the same time as the LAN unit 33. 
[0279] If the packet is transmitted from the LAN unit 
33, the carrier empty time set up in the carrier empty 
time detecting section 304 of the LAN unit 53 is reduced 
to the shortest time of 50 jiseconds from 100u,seconds 
according to the second embodiment. Consequently, as 
shown in FIG. 17D,the LAN unit 53 transmits the packet 
from the LAN unit 33 50^seconds after the transmission 
of the packet is terminated. 

[0280] When the next communication cycle is 
reached, the setting of the carrier empty time and reduc- 
tion processing are carried out as shown in FIG. 15. If 
any disturbing signal such as an external noise is not 
mixed in the transmission path, as shown in FIG. 1 7, the 
transmission of the packet can be carried out 
50)xseconds which is the shortest time after the trans- 
mission of a packet just before is terminated. 
[0281] As described above, the LAN unit of the LAN 
terminal device intending to transmit the real time data 
maintains the communication order corresponding to 
the packet communication order for transmitting the real 
time data preliminarily set by using the carrier detecting 
time which is the priority order of the packet transmis- 
sion corresponding to the allocated communication or- 
der even if the disturbing signal is generated, so that the 
packet can be transmitted according to an appropriate 
order. 

[0282] Because the carrier empty time set up in the 
carrier empty time detecting section 304 of the LAN unit 
is changed corresponding to reception of a packet hav- 
ing a higher communication order, if other communica- 
tion device or noise source exist on the transmission 
path, the packet can be transmitted at appropriate timing 
by avoiding such disturbing signals. Further, if a random 
access signal is mixed in the transmission path, trans- 
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mission of following real time data can be continued 
properly. 

[0283] Because the real time data is transmitted 
through the real time region for transmitting the real time 
data by using the communication method, communica- s 
tion system and communication terminal of the second 
embodiment, the real time data can be transmitted se- 
curely. Further, because the random data can be trans- 
mitted or received by using another region than the real 
time region as the random access region, transmission 
capacity can be increased. 

[0284] Because the emptiness of the transmission 
path is recognized in the real time region to which the 
communication order is allocated, not only this system 
can coexist with a device which carries out only the ran- 
dom access but also it prevents a disturbance by noise, 
so that the real time data can be transmitted securely 
and accurately. 

[0285] In this second embodiment, a case where the 
carrier empty time is set to 50useconds, lOOuseconds 
and 1 50u.seconds if the communication order is the first, 
second and third respectively has been described. How- 
ever, the setting of the carrier empty time is not restricted 
to this example. 

[0286] For example, if the communication order is the 
first, second and third, the carrier empty time may be 
set to 20u.seconds, 50u. seconds and 70u.seconds re- 
spectively or shorter or longer than these values. Fur- 
ther, the length of the carrier empty time may be 
changed depending on the quantity of the LAN terminal 
devices connected to the LAN system or the quantity of 
the LAN terminal devices to which the communication 
order is allocated. 

[0287] Although the second embodiment has been 
described with a case where the LAN terminal device 1 
serves as the control station (communication control de- 
vice) so that the communication order is allocated de- 
pending on a communication order allocation request 
from each LAN terminal device, the present invention is 
not restricted to this example. For example, like the first 
embodiment described previously, the LAN terminal de- 
vice itself intending to transmit the real time data may 
allocate the communication order depending on a com- 
munication order allocation'condition at that point and 
declare it to other LAN terminal devices. 
[0288] The second embodiment has been described 
with a case of single direction communication for trans- 
mitting the real time data from the LAN terminal device 
2 tike the first embodiment described with reference to 
FIG. 3. However, this invention is also applied to a case 
of bi-directional communication. 
[0289] In case of the bi-directional communication, a 
communication request is transmitted from a terminal of 
communication requester to a destination terminal. Cor- 
responding to this communication request, a communi- 
cation response from a mating terminal which recogniz- 
es that bi-directional communication will be carried out 
is transmitted from a terminal of communication supplier 



toaterminal of communication requester and the mating 
terminal. Then, a communication order allocation re- 
quest for requesting allocation of the real time data com- 
munication order is transmitted to the control station. 
[0290] By executing the process shown in flow charts 
shown in FIGS. 15, 16 in the communication request ter- 
minal and mating terminal corresponding to the commu- 
nication order allocated to the communication order al- 
location request, transmission and reception of the real 
time data are enabled in case of the bi-directional com- 
munication as well as single direction communication. 
[0291] Of course, in case of the bi-directional commu- 
nication also, if a terminal of communication requester 
receives a communication response from a mating ter- 
minal without provision of the control station, it is per- 
missible to allocate the communication order to both it- 
self and the mating terminal and declare it to each LAN 
terminal device. Conversely, it is also permissible to pro- 
vide a dedicated server which acts as only a communi- 
cation control unit in the network and control communi- 
cation of plural communication control terminals by this 
dedicated communication control unit. 
[0292] If according to the second embodiment also, 
some real time data (packet) cannot be transmitted in 
the real time region corresponding to the communica- 
tion order, it may be transmitted again through the ran- 
dom access region like the first embodiment. 
[0293] For example, voice data and animation data 
have different packet lengths although they are both real 
time data. By transmitting these data to the control sta- 
tion by adding information indicating the length of a 
packet to be transmitted to the communication order al- 
location request so as to transmit them including the 
head timing signal to all the LAN terminal devices, the 
real time region RL and the random access region RM 
can be distinguished accurately in all the LAN terminal 
devices so that both the regions can be used separately 
depending on the purpose. 

[0294] According to the second embodiment, the 
transmission timing of the real time data is not allocated 
fixedly but the transmission order is allocated. Even if 
the length of the packet (packet length) for transmitting 
real time data is changed depending on real time data, 
it is possible to correspond to this flexibly and transmit 
the real time data effectively and accurately. 
[0295] In the second embodiment also, a ratio be- 
tween the real time region and the random access re- 
gion in a communication cycle may be set up prelimi- 
narily. For example, it is permissible to set up so that 2/3 
of a communication cycle is set to real time region and 
1/3 of a communication cycle is set to random access 
region. It is also permissible to set up the real time region 
and random access region alternately in a communica- 
tion cycle. 

[0296] Meanwhile in the first and second embodi- 
ments, as described above, in the LAN terminal device 
1 which acts as the control station, the control section 
210 of the LAN unit 12 or the control section 310 of the 
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LAN unit 13 has a function as a means for controlling 
the communication cycle and a function as a communi- 
cation timing allocating means for allocating communi- 
cation timing or communication order or a communica- 
tion order allocating means. 5 
[0297] According to the first embodiment, as de- 
scribed above, the control section 210 and the transmit- 
ting/receiving section 202 cooperate with each other to 
achieve a function as a communication timing notice 
means. Further according to the second embodiment, 10 
the control section 310 and the transmitting/receiving 
section 303 cooperate with each other so as to achieve 
a function as communication order notice means. 
[0298] A LAN system according to the first and sec- 
ond embodiments is an example and the present inven- *5 
tion can be applied to various LAN systems. 
[0299] Although according to the aforementioned first 
and second embodiments, each LAN terminal device is 
connected to the network by radio, the present invention 
is not restricted to this example, and can be applied to 20 
a case in which they are connected to the network by 
wire. 

[0300] Although in the above described respective 
embodiments, the LAN unit which is a communication 
terminal of the present invention is a separate unit form 25 
the terminal device, the present invention is not restrict- 
ed to this. For example, it is permissible to load the LAN 
unit on the terminal device. 

[0301 ] That is, it is permissible to load the terminal de- 
vice with a communication function and the control sec- 30 
tion of the terminal device with the same function as the 
control section of the LAN unit. In this case, the function 
of the control section of the LAN unit can be achieved 
by software which is operated in the control section of 
the terminal device. 35 
[0302] As described above, according to the present 
invention, the real time data can be transmitted through 
the real time region at real time and the random data 
can be transmitted through the random access region 
by random access. Consequently, the real time data can 40 
be transmitted or received securely. Further, both the 
real time data and random data can be transmitted so 
that the transmission capacity can be increased thereby 
improving throughput. 

[0303] Further, because emptiness of the transmis- 45 
sion path is detected in the real time region for transmit- 
ting data based on communication timing, this system 
can coexist with a device for carrying out only random 
access. Further, it is possible to prevent protection from 
damage by a disturbing signal such as noise. 50 
[0304] Further, by using the allocation of the commu- 
nication order (communication sequence) and carrier 
empty time, the real time data can be transmitted se- 
curely and accurately without setting up the transmis- 
sion timing of the real time data fixedly while preventing 55 
a collision of use of the transmission path securely. 
[0305] Further, by using the allocation of the commu- 
nication order (communication sequence) and carrier 



empty time, the packet can be transmitted from each 
LAN terminal device so that the carrier empty time is the 
shortest. Thus, the transmission path can be used with- 
out waste and the transmission capacity of the system 
can be increased. 

[0306] Further, by using the allocation of the commu- 
nication order (communication sequence) and the car- 
rier empty time, even if no packet is transmitted from a 
LAN terminal device having a higher communication or- 
der, a LAN terminal unit of a next communication order 
can transmit the packet at timing corresponding to its 
own carrier empty time, without wasting a time used for 
transmission of a packet from the LAN terminal device 
having a higher communication order. Thus, the trans- 
mission path can be used without waste and the trans- 
mission capacity of the system can be increased. 
[0307] When transmitting a compressed signal by 
rate variable compression method, it is possible to cope 
with changes of the packet length due to deviation of the 
rate only by setting a channel corresponding to, for ex- 
ample, average transmission rate. 

INDUSTRIAL APPLICABILITY 

[0308] The LAN systems of the first and second em- 
bodiments are only examples and the present invention 
may be applied to various LAN systems. Although the 
LAN systems of the first and second embodiments are 
connected to network by radio, the present invention is 
not restricted to this, but may be applied to LAN system 
connected by wire. Further, although the above embod- 
iments have been described on an assumption that the 
LAN unit which is a communication terminal of the 
present invention is a separate unit from the terminal 
device, the present invention is not restricted to this ex- 
ample. That is, it is permissible to load the terminal de- 
vice with a communication function and provide a con- 
trol section of the terminal device with the same function 
as the control section of the LAN unit. In this case, the 
function of the control section of the LAN unit can be 
achieved by software operated by the control section of 
the terminal device. 



Claims 

1 . A communication method for plural communication 
terminals sharing a single channel to communicate 
at a predetermined communication cycle white 
avoiding a collision of use of said channel with other 
communication terminal, comprising: 

a communication timing registering step for, up- 
on start-up of communication, allocating com- 
munication timing of a communication terminal 
intending to startthe communication within said 
communication cycle; and 
a notifying step for notifying other communica- 
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tion terminals sharing said channel of the allo- 
cated communication timing. 

2. The communication method according to claim 1 , 
wherein 

at least one communication control unit for con- 
trolling said communication cycle is provided in 
a network comprised of plural connected com- 
munication terminals sharing said channel, 
said communication control unit, when said 
communication terminal intending to start com- 
munication transmits an allocation request for 
said communication timing to said communica- 
tion control unit, executing said communication 
timing registering step and executing said noti- 
fying step. 

3. The communication method according to claim 1 , 
wherein said communication terminal intending to 
start communication allocates its own communica- 
tion timing by itself to execute said communication 
timing registering step and execute said notifying 
step. 

4. The communication method according to claim 1 , 
wherein a real time region for communicating real 
time data such as voice data and image data based 
on the allocated communication timing and a ran- 
dom access region for communicating data at ran- 
dom timing are provided by dividing said communi- 
cation cycle into two sections. 

5. The communication method according to claim 4, 
wherein said real time region is set up successively 
in said communication cycle corresponding to said 
communication timing allocated while a remaining 
region of said communication cycle is used as said 
random access region. 

6. The communication method according to claim 4, 
wherein if the real time data transmitted through 
said real time region is not received property, said 
real time data not received properly is re-transmit- 
ted through said random access region. 

7. The communication method according to claim 1 , 
wherein said channel uses a carrier of a same pre- 
determined frequency and avoiding of a collision of 
use of said channel is carried out by detecting pres- 
ence or absence of said carrier. 

8. A communication method for plural communication 
terminals sharing a single channel to communicate 
bi-directionally between a call terminal which is said 
communication terminal for calling and a mating ter- 
minal which is said communication terminal called 
by said call terminal at a predetermined communi- 



cation cycle while avoiding a collision of use of said 
channel with other communication terminals, com- 
prising: 

5 a calling step for said call terminal to call said 

mating terminal of an object by random access; 
a responding step for said mating terminal to 
respond to said call terminal when accepting a 
call from said call terminal; 

w a communication timing allocation step for, if 

said response arises corresponding to said call, 
allocating communication timing for said call 
terminal and said mating terminal in said com- 
munication cycle; and 

is a notifying step for notifying each of the allocat- 

ed communication timing to other communica- 
tion terminals sharing said channel, 
said call terminal and said mating terminal ex- 
ecuting bi-directional communication by exe- 

20 cuting transmission based on the correspond- 

ing communication timing at every communica- 
tion cycle. 

9. The communication method according to claim 8, 
25 wherein 

at least one communication control unit for con- 
trolling said communication cycle is provided in 
a network comprised of plural connected com- 

30 munication terminals sharing said channel, 

further comprising a timing allocation request 
step for said call terminal, if a response to said 
call arises from said mating terminal, to form an 
allocation request for requesting to allocate 

35 said communication timing to both itself and 

said mating terminal and to transmit to said 
communication control unit, 
said communication control unit executing said 
communication timing allocation step and said 

40 notifying step corresponding to said allocation 

request. 

10. The communication method according to claim 8, 
wherein when a response to said call terminal is re- 

45 turned from said mating terminal, said call terminal 
itself carries out said communication timing alloca- 
tion step and said notifying step. 

11. The communication method according to claim 8, 
50 wherein a real time region for transmitting real time 

data such as voice data and image data based on 
the allocated communication timing and a random 
access region for transmitting data at random timing 
are provided by dividing said communication cycle 
55 into two sections. 

12. The communication method according to claim 11 , 
wherein said real time region is set up successively 
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in said communication cycle corresponding to said 
communication timing allocated while a remaining 
region of said communication cycle is used as said 
random access region. 

13. The communication method according to claim 11 , 
wherein if the real time data transmitted through 
said real time region is not received properly, said 
real time data not received properly is re-transmit* 
ted through said random access region. 

14. The communication method according to claim 8, 
wherein said channel uses a carrier of a same pre- 
determined frequency and avoiding of a collision of 
use of said channel is carried out by detecting pres- 
ence or absence of said carrier on said channel. 



sion detecting step. 

17. The communication method according to claim 15, 
wherein 

5 

at least one communication control unit for con- 
trolling said communication order is provided in 
a network comprised of plural connected com- 
munication terminals sharing said channel, 

io said communication control unit, when said 

communication terminal intending to start com- 
munication transmits an allocation request for 
said communication order to said communica- 
tion control unit; executing said communication 

15 order allocation step and executing said notify- 

ing step. 



1 5. A communication method for plural communication 
terminals sharing a single channel to communicate 
at a predetermined communication cycle while 
avoiding a collision of use of said channel with other 
communication terminals, comprising: 

a communication order allocating step for, upon 
start-up of communication, allocating commu- 
nication order to a communication terminal in- 
tending to start communication; 
a notifying step for notifying the allocated com- 
munication order to other communication ter- 
minals sharing said channel; 
an empty time setting step for setting the length 
of empty time in said channel capable of start- 
ing transmission of data corresponding to the 
allocated communication order in said commu- 
nication terminal to which said communication 
order is allocated; and 

a data transmitting step for, if emptiness of the 
same length as said empty time set up in said 
empty time setting step is detected on said 
channel in said communication terminal to 
which said communication order is allocated, 
transmitting data. 

16. The communication method according to claim 15 
further comprising: 

a data transmission detecting step for detecting 
whether or not a communication terminal hav- 
ing a higher communication order than itself 
transmits data in each of said communication 
terminals to which said communication order is 
allocated; and 

an empty time reduction step for reducing said 
empty time set in said empty time setting step 
corresponding to the allocated communication 
order when it is detected that a communication 
terminal having a higher communication order 
than itself transmits data in said data transmis- 



18. The communication method according to claim 15, 
wherein said communication terminal intending to 
20 start communication allocates its own communica- 
tion order by itself to execute said communication 
order allocating step and execute said notifying 
step. 

25 19. The communication method according to claim 15, 
wherein a real time region for communicating real 
time data such as voice data and image data based 
on the allocated communication order and a ran- 
dom access region for transmitting data at random 

30 timing are provided by dividing said commun ication 
cycle into two sections. 

20. The communication method according to claim 19, 
wherein said real time region is set up successively 
35 in said communication cycle corresponding to said 
communication order allocated while a remaining 
region of said communication cycle is used as said 
random access region. 

40 21 . The communication method according to claim 19, 
wherein 

if the real time data transmitted through said re- 
al time region is not received properly, said real 
45 time data not received properly is transmitted 

bi-directionally between the call terminal and a 
mating terminal which is said communication 
terminal, comprising: 

a calling step for said call terminal to call said 
so mating terminal of an object by random access; 

a responding step for said mating terminal to 
respond to said call terminal when accepting a 
call from said call terminal; and 
a communication order allocation step for, if 
55 said response arise corresponding to said call, 

allocating communication orders for said call 
terminal and said mating terminal, 
each of the allocated communication orders be- 
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ing re-transmitted through other communica- 
tion random access regions sharing said chan- 
nel. 

22. The communication method according to claim 15, 
wherein said channel uses a carrier having a same 
predetermined frequency and detection of the emp- 
ty time in said channel is carried out by detecting 
absence of said carrier. 

23. A communication method comprising: 

a notifying step for plural communication termi- 
nals sharing a single channel to notify a call ter- 
minal which is said communication terminal for 
calling and a mating terminal which is said com- 
munication terminal called by said call terminal 
at a predetermined communication cycle while 
avoiding a collision of use of said channel with 
other communication terminal; 
an empty time setting step for setting the length 
of empty time in said channel capable of start- 
ing transmission of data corresponding to the 
allocated communication order in said commu- 
nication terminal to which said communication 
order is allocated; and 

a data transmitting step for, if emptiness of the 
same length as said empty time set up in said 
empty time setting step is detected on said 
channel in said communication terminal to 
which said communication order is allocated, 
transmitting data, 

said call terminal and said mating terminal ex- 
ecuting bi-directional communication by exe- 
cuting transmission at each corresponding 
communication order at every communication 
cycle. 

24. The communication method according to claim 23 
further comprising: 

a data transmission detecting step for detecting 
whether or not a communication terminal hav- 
ing a higher communication order than itself 
transmits data in each of said communication 
terminals to which said communication order is 
allocated; and 

an empty time reduction step for reducing said 
empty time set in said empty time setting step 
corresponding to the allocated communication 
order when it is detected that a communication 
terminal having a higher communication order 
than itself transmits data in said data transmis- 
sion detecting step. 

25. The communication method according to claim 23, 
wherein 



at least one communication control unit for con- 
trolling said communication cycle is provided in 
a network comprised of plural connected com- 
munication terminals sharing said channel, 

5 said call terminal forms, if a response to said 

call arises from said mating terminal, an alloca- 
tion request for requesting to allocate said com- 
munication order to both itself and said mating 
terminal, executing a timing allocation request 

10 step for transmitting to said communication 

control unit, and 

said communication control unit executes said 
communication order allocation step and said 
notifying step corresponding to said allocation 
15 request. 

26. The communication method according to claim 23, 
wherein when a response to said call terminal is re- 
turned from said mating terminal, said call terminal 

20 itself carries out said communication timing alloca- 
tion step and said notifying step. 

27. The communication method according to claim 23, 
wherein a real time region for transmitting real time 

25 data such as voice data and image data based on 
the allocated communication order and a random 
access region fortransmitting data at random timing 
are provided by dividing said communication cycle 
into two sections. 

30 

28. The communication method according to claim 27, 
wherein said real time region is set up successively 
in said communication cycle corresponding to said 
communication order allocated while a remaining 

35 region of said communication cycle is used as said 
random access region. 

29. The communication method according to claim 27, 
wherein if the real time data transmitted through 

40 said real time region is not received property, said 
real time data not received properly is re-transmit- 
ted through said random access region. 

30. The communication method according to claim 23, 
45 wherein said channel uses a carrier of a same pre- 
determined frequency and detection of emptiness 
in said channel is carried out by detecting absence 
of said carrier on said channel. 

50 31 . A communication system, wherein 

at least one communication control unit and 
plural communication terminals share a single 
channel and said plural communication termi- 
55 nals communicate at a predetermined commu- 

nication cycle while avoiding a collision of use 
of said channel with other communication ter- 
minals, 
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each of said plural communication terminals 
comprising: 

an allocation request means for, upon start-up 
of communication, generating a communica- 
tion timing allocation request and transmitting 
this to said communication control unit; and 
a transmission control means for transmitting 
data at communication timing allocated by said 
communication control unit at every communi- 
cation cycle, 

said communication control unit comprising: 
a means for controlling said communication cy- 
cle; 

a communication timing allocation means for 
allocating said communication timing to said 
communication terminal of a requester corre- 
sponding to said allocation request from each 
of said plural communication terminals; and 
a communication timing notifying means for 
transmitting said communication timing allocat- 
ed by said communication timing allocation 
means to each of said plural communication 
terminals. 

32. The communication system according to claim 31 , 
wherein 

each of said plural communication terminals 
has a random access control means for, 
if data to be transmitted is real time data such 
as voice data and image data, transmitting said 
real time data by said transmission control 
means based on said communication timing set 
up by said communication control unit corre- 
sponding to said allocation request, and 
if data to be transmitted is random data gener- 
ated at random, transmitting through random 
access region other than the real time region 
for transmitting said real time data in said com- 
munication cycle. 

33. The communication system according to claim 32, 
wherein 

said real time region for transmitting said real 
time data is set up successively in said commu- 
nication cycle each time when said communi- 
cation timing is set up by said communication 
control unit, 

said random access control means using a re- 
maining portion of said communication cycle in 
which said real time region is set up as said ran- 
dom access region. 

34. The communication system according to claim 32 
further comprising a re-transmission control means 
for, if said real time data transmitted through said 



real time region by control of said transmission con- 
trol means is not received properly, re-transmitting 
said real time data not transmitted property through 
said random access region. 

35. The communication system according to claim 32, 
wherein 

said shared channel uses a carrier having a 
same predetermined frequency, 
each of said plural communication terminals 
having a carrier detecting means for detecting 
presence or absence of said carrier on said 
channel and avoiding a collision of use of said 
shared channel corresponding to this detection 
result. 

36. A communication system, wherein 

at least a communication control unit and plural 
communication terminals share a channel and 
each of said plural communication terminals 
carries out bi-directional communication at eve- 
ry predetermined communication cycle while 
avoiding a collision of use of said channel with 
other communication terminals, 
each of said plural communication terminals 
having 

a communication request means for forming a 
communication request for calling a mating ter- 
minal of an object and transmitting this to said 
mating terminal by random access; 
an allocation request means for, if a response 
is returned from said mating terminal corre- 
sponding to said communication request 
formed by said communication request means, 
forming an allocation request of communication 
timing for itself which is a call terminal and said 
mating terminal and transmitting this to said 
communication control unit; 
a responding means for, when responding to a 
communication request transmitted to itself, 
forming a response to be returned to the call 
terminal and transmitting this to said call termi- 
nal; and 

a transmission control means for transmitting 
data corresponding to communication timing 
for self from said communication control unit, 
said communication control unit having: 

a means for controlling a communication cycle; 
a communication timing allocation means for 
allocating said communication timing to said 
call terminal and said mating terminal corre- 
sponding to said allocation request of the com- 
munication timing to said call terminal and said 
mating terminal from said call terminal; and 
a communication timing notifying means for no- 
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tifying each of said plural communication termi- 
nals of said communication timing allocated by 
said communication timing allocation means. 

37. The communication system according to claim 36, 
wherein each of said plural communication termi- 
nals has 

a random access control means for, if it is in- 
tended to transmit real time data such as voice data 
and image data, transmit data based on said com- 
munication timing by a control of said transmission 
control means, and if it is intended to transmit ran- 
dom data generated at random by random access, 
transmitting the random data through a random ac- 
cess region other than the real time region fortrans- 
mitting said real time data within said communica- 
tion cycle. 

38. The communication system according to claim 37, 
wherein 

said real time region for transmitting said real 
time data is set up successively each time when 
said communication timing is set up by said 
communication control unit, and 
said random access control means of said com- 
munication terminal uses a remaining portion 
of said communication cycle in which said real 
time region is set up as said random access re- 
gion. 

39. The communication system according to claim 37, 
wherein each of said plural communication termi- 
nals comprises a re-transmission control means for, 
if said real time data transmitted through said real 
time region by a control of said transmission control 
means is not received properly, re-transmitting said 
real time data not transmitted properly to said mat- 
ing terminal through said random access region. 

40. The communication system according to claim 36, 
wherein 

said channel uses a carrier having a same pre- 
determined frequency, and 
each of said plural communication terminals 
has a carrier detecting means for detecting 
presence or absence of said carrier on said 
channel and avoiding a collision of use of said 
shared channels corresponding to this detec- 
tion result. 



mined communication cycle while avoiding a 
collision of use of said channel with other com- 
munication terminals, 

each of said plural communication terminals 
5 having: 

an allocation request means for, upon start-up 
of communication, generating a communica- 
tion order allocation request and transmitting 
this to said communication control unit; 
10 an empty time setting means of setting the 

length of an empty time of said channel capable 
of starting transmission of data corresponding 
to said communication order allocated by said 
communication control unit; and 
is a data transmitting control means for, if empti- 

ness of the same length as that of said empty 
time set up by said empty time setting means 
is detected on said channel, transmitting data 
from itself, 

20 said communication control unit comprising: 

a means for controlling said communication cy- 
cle; 

a communication order allocation means for al- 
25 locating said communication order to said com- 

munication terminal of a requester correspond- 
ing to said allocation request from each of said 
plural communication terminals; and 
a communication order notifying means for 
30 transmitting said communication order allocat- 

ed by said communication order allocation 
means to each of said plural communication 
terminals. 

35 42. The communication system according to claim 41 , 
wherein 

each of said plural communication terminals 
has a data transmission detecting means for 
detecting whether or not a communication ter- 
minal having a higher communication order 
than itself transmits data, and 
if said data transmission detecting means de- 
tects that a communication terminal having a 
45 higher communication order than itself trans- 

mits data, said empty time setting means resets 
said empty time set in itself shorter correspond- 
ing to said communication order allocated. 

so 43. The communication system according to claim 41 , 
wherein 
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41 . A communication system, wherein 

at least a communication control unit and plural 
communication terminals share a channel and 
each of said plural communication terminals 
carries out communication at every predeter- 



each of said plural communication terminals 
has a random access control means for, 
55 if data to be transmitted is real time data such 

as voice data and image data, transmitting said 
real time data by said data transmission control 
means based on said set up empty time, and 



28 




55 EP 1 111 

if data to be transmitted is random data gener- 
ated at random, transmitting through random 
access region other than the real time region 
for transmitting said real time data within said 
communication cycle. 5 

44. The communication system according to claim 43, 
wherein 

said real time region for transmitting said real 10 
time data is set up successively each time when 
said communication order is set up by said 
communication control unit in said communica- 
tion cycle, and 

said random access control means uses a re- is 
maining portion of said communication cycle in 
which said real time region is set up as said ran- 
dom access region. 

45. The communication system according to claim 43 & 
further comprising a re-transmission control means 
for, if said real time data transmitted through said 
real time region by control of said data transmission 
control means is not received properly, re-transmit- 
ting said real time data not received properly 25 
through said random access region. 

46. A communication system, wherein 

at least a communication control unit and plural 30 
communication terminals share a channel and 
each of said plural communication terminals 
carries out bi-directional communication at eve- 
ry predetermined communication cycle while 
avoiding a collision of use of said channel with 35 
other communication terminals, 
each of said plural communication terminals 
having 

a communication request means for forming a 
communication request for calling a mating ter- *o 
minal of an object and transmitting this to said 
mating terminal by random access; 
an allocation request means for, if a response 
is returned from said mating terminal corre- 
sponding to said communication request 45 
formed by said communication request means, 
forming an allocation request of communication 
order for itself which is a call terminal and said 
mating terminal and transmitting this to said 
communication control unit; so 
a responding means for, when responding to a 
communication request transmitted to itself, 
forming a response to be returned to the call 
terminal and transmitting this to said call termi- 
nal; 55 
an empty time setting means of setting the 
length of an empty time of said channel capable 
of starting transmission of data corresponding 
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to said communication order allocated by said 
communication control unit; and 
a data transmitting control means for, if an emp- 
tiness of the same length as that of said empty 
time set up by said empty time setting means 
is detected on said channel, transmitting data, 
said communication control unit having: 

a means for controlling a communication cycle; 
a communication order allocation means for al- 
locating said communication order to said call 
terminal and said mating terminal correspond- 
ing to said allocation request of the communi- 
cation order to said call terminal and said mat- 
ing terminal from said call terminal; and 
a communication order notifying means for no- 
tifying each of said plural communication termi- 
nals of said communication order allocated by 
said communication order allocation means. 

47. The communication system according to claim 46, 
wherein 

each of said plural communication terminals 
has a data transmission detecting means for 
detecting whether or not a communication ter- 
minal having a higher communication order 
than itself transmits data, and 
if said data transmission detecting means de- 
tects that the communication terminal having a 
higher communication order than itself trans- 
mits data, said empty time setting means resets 
said empty time set in itself shorter correspond- 
ing to said communication order allocated. 

48. The communication system according to claim 47, 
wherein 

each of said plural communication terminals 
has a random access control means for 
if it is intended to transmit real time data such 
as voice data and image data, transmitting said 
data at timing corresponding to said empty time 
by control of said transmission control means, 
and 

if it is intended to transmit random data gener- 
ated at random by random access, transmitting 
the random data through random access region 
other than the real time region for transmitting 
said real time data in said communication cycle. 

49. The communication system according to claim 48, 
wherein 

said real time region for transmitting said real 
time data is set up successively each time when 
said communication timing is set up by said 
communication control unit in said communica- 
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tion cycle, and 

said random access control means of said com- 
munication terminal uses a remaining portion 
of said communication cycle in which said real 
time region is set up as said random access re- 
gion. 

50. The communication system according to claim 48, 
wherein each of said plural communication termi- 
nals comprises a re-transmission control means for, 
if said real time data transmitted through said real 
time region by control of said data transmission con- 
trol means is not received property, re-transmitting 
said real time data not received properly to said 
mating terminal through said random access re- 
gion. 

51 . The communication system according to claim 47, 
wherein 

said channel uses a carrier having a same pre- 
determined frequency, and 
each of said plural communication terminals 
has a carrier detecting means for detecting 
presence or absence of said carrier on said 
channel and avoiding a collision of use of said 
channel corresponding to this detection result. 

52. A communication terminal of communication sys- 
tem, wherein 

at least a communication control unit and plu- 
ral communication terminals share a channel and 
each of said plural communication terminals carries 
out communication at every predetermined commu- 
nication cycle while avoiding a collision of use of 
said channel with other communication terminals, 
comprising: 

an allocation request means for, prior to start- 
up of data communication, generating a com- 
munication timing allocation request and trans- 
mitting this to said communication control unit; 
and 

a transmission control means for transmitting 
data at said communication timing allocated by 
said communication control unit at every said 
communication cycle. 

53. A communication terminal, wherein 

plural communication terminals share a single 
channel to communicate at a predetermined com- 
munication cycle while avoiding a collision of use of 
said channel with other communication terminals, 
comprising: 

a communication timing allocation means for 
prior to start-up of data communication, allocat- 
ing communication timing to itself and notifying 



other communication terminals of this; and 
a transmission control means for transmitting 
data at said communication timing at every 
communication cycle. 

5 

54. The communication terminal according to claim 52 
further comprising a random access control means 
for, 

io jf data to be transmitted is real time data such 

as voice data and image data, transmitting said 
real time data by control of said transmission 
control means based on said communication 
timing, and 

f* jf data to be transmitted is random data gener- 

ated at random, transmitting through random 
access region other than the real time region 
for transmitting said real time data in said com- 
munication cycle. 

20 

55. The communication terminal according to claim 54, 
wherein 

said real time region for transmitting said real 
& time data is set up successively in said commu- 

nication cycle each time when said communi- 
cation timing is set up, and 
said random access control means uses a re- 
maining portion of said communication cycle in 
30 which said real time region is set up as said ran- 

dom access region. 

56. The communication terminal according to claim 54 
further comprising a re-transmission control means 

35 for, if said real time data transmitted through said 
real time region by control of said transmission con- 
trol means is not received properly, re-transmitting 
said real time data not received properly through 
said random access region. 

40 

57. The communication terminal according to claim 52, 
wherein 

said channel uses a carrier having a same pre- 
^5 determined frequency, 

said communication terminal further compris- 
ing a carrier detecting means for detecting 
presence or absence of said carrier on said 
channel and avoiding a collision of use of said 
so shared channel corresponding to this detection 

result. 

58. The communication terminal according to claim 53 
further comprising a random access control means 

55 for, 

if data to be transmitted is real time data such 
as voice data and image data, transmitting said 
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access region other than the real time region 
for transmitting said real time data in said com- 
munication cycle. 

59. The communication terminal according to claim 58, 
wherein 

said real time region for transmitting said real 
time data is set up successively each time when 
said communication timing is set up in said 
communication cycle, and 
said random access control means uses a re- 
maining portion of said communication cycle In 
which said real time region is set up as said ran- 
dom access region. 

60. The communication terminal according to claim 58 
further comprising a re-transmission control means 
for, if said real time data transmitted through said 
real time region by control of said transmission con- 
trol means is not received properly, re-transmitting 
said real time data not received properly through 
said random access region. 

61 . The communication terminal according to claim 53, 
wherein 

said channel uses a carrier having a same pre- 
determined frequency, 

further comprising a carrier detecting means for 
detecting presence or absence of said carrier 
on said channel to avoid a collision of use of 
said shared channel based on the result of the 
detection. 

62. A communication terminal of a communication sys- 
tem, wherein 

at least a communication control unit and plu- 
ral communication terminals share a channel and 
each of said plural communication terminals carries 
out bi-directional communication at every predeter- 
mined communication cycle while avoiding a colli- 
sion of use of said channel with other communica- 
tion terminals, further comprising: 



;ation timing allocation re- 
is a call terminal and said 
I transmitting this to said 
rol unit; 

for, when responding to a 
communication request transmitted to itself, 
forming a response to be returned to said call 
terminal and transmitting this to said call termi- 
nal; and 

io a transmission control means for transmitting 

data corresponding to communication timing 
sent from said communication control unit to it- 
self. 

is 63. A communication terminal of a communication sys- 
tem, wherein 

plural communication terminals sharing a sin- 
gle channel communicate bi-directionally at a pre- 
determined communication cycle while avoiding a 

20 collision of use of said channel with other commu- 
nication terminals, comprising: 

a communication request means for forming a 
communication request for calling a mating ter- 
25 minal of an object and transmitting this to said 

mating terminal by random access; 
a communication timing allocation means for, if 
a response from said mating terminal is re- 
turned corresponding to said communication 
30 request formed by said communication request 

means, allocating communication timing to it- 
self which is a call terminal and said mating ter- 
minal and notifying other communication termi- 
nals of this; 

35 a responding means for, when responding to a 

communication request transmitted to itself, 
forming a response to be returned to said call 
terminal and transmitting this to said call termi- 
nal; and 

^0 a transmission control means for transmitting 

data corresponding to said communication tim- 
ing. 

64. The communication terminal according to claim 62 
45 further comprising a random access control means 

for, 

if data to be transmitted is real time data such 
as voice data and image data, transmitting said 
real time data by said transmission control 
means based on said communication timing, 
and 

if data to be transmitted is random data gener- 
ated at random, controlling to transmit through 
a random access region other than the real time 
region for transmitting said real time data. 

65. The communication terminal according to claim 64, 



a communication request means for forming a 
communication request for calling a mating ter- 
minal of an object and transmitting this to said 
mating terminal by random access; 
an allocation request means for, if a response 55 
from said mating terminal is returned corre- 
sponding to said communication request 
formed by said communication request means, 
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be transmitted is random data gener- 
andom, transmitting through random 
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wherein 

said real time region for transmitting said real 
time data is set up successively each time when 
said communication timing is set up, and s 
said random access control means uses a re- 
maining portion of said communication cycle in 
which said real time region is set up as said ran- 
dom access region. 

10 

66. The communication terminal according to claim 64 
further comprising a re-transmission control means 
for, if said real time data transmitted through said 
real time region by control of said transmission con- 
trol means is not received property, re-transmitting *5 
said real time data not received properly through 
said random access region. 

67. The communication terminal according to claim 62, 
wherein 2° 

said channel uses a carrier having same pre- 
determined frequency and a earner detecting 
means for detecting presence or absence of said 
carrier on said channel to avoid a collision of use of 
said channel is further provided. 25 

68. The communication terminal according to claim 63 
further comprising a random access control means 
for 

30 

if data to be transmitted is real time data such 
as voice data and image data, transmitting said 
real time data by said transmission control 
means based on said communication timing, 
and 35 
if data to be transmitted is random data gener- 
ated at random, transmitting through a random 
access region other than the real time region 
for transmitting said real time data in said com- 
munication cycle. 40 

69. The communication terminal according to claim 68, 
wherein. 

said real time region for transmitting said real 45 
time data is set up successively each time when 
said communication order is set up in said com- 
munication cycle, and 

said random access control means uses a re- 
maining portion of said communication cycle in so 
which said real time region is set up as said ran- 
dom access region. 

70. The communication terminal according to claim 68 
further comprising a re-transmission control means 55 
for, if said real time data transmitted through said 
real time region by control of said transmission con- 
trol means is not received properly, re-transmitting 



said real time data not received properly through 
said random access region. 

71. The communication terminal according to claim 63, 
wherein 

said channel uses a carrier having same pre- 
determined frequency and a carrier detecting 
means for detecting presence or absence of said 
carrier on said channel to avoid a collision of use of 
said channel is further provided. 

72. A communication terminal of a communication sys- 
tem, wherein 

at least a communication control unit and plural 
communication terminals share a channel and 
each of said plural communication terminals 
carries out communication at every predeter- 
mined communication cycle while avoiding a 
collision of use of said channel with other com- 
munication terminals, comprising: 
an allocation request means for, prior to start- 
up of data communication, generating a com- 
munication order allocation request and trans- 
mitting this to said communication control unit; 
an empty time setting means of setting the 
length of an empty time of said channel capable 
of starting transmission of data corresponding 
to said communication order allocated by said 
communication control unit; and 
a data transmitting control means for, if empti- 
ness of the same length as that of said empty 
time set up by said empty time setting means 
is detected on said channel at every communi- 
cation cycle, transmitting data. 

73. A communication terminal, wherein 

plural communication terminals sharing a sin- 
gle channel carry out communication at a predeter- 
mined communication cycle while avoiding a colli- 
sion of use of said channel with other communica- 
tion terminals, comprising: 

a communication order allocation means for, 
prior to start-up of data communication, allocat- 
ing communication order to itself and notifying 
other communication terminals of this; 
an empty time setting means of setting the 
length of an empty time of said channel capable 
for starting transmission of data corresponding 
to said communication order allocated; and 
a data transmitting control means for, if empti- 
ness of the same length as that of said empty 
time set up by said empty time setting means 
is detected on said channel at every communi- 
cation cycle, transmitting data. 

74. The communication terminal according to claim 72 
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further comprising a data transmission detecting 
means for detecting whether or not a communica- 
tion terminal having a higher communication order 
than itself transmits data, wherein 

if said data transmission detecting means de- 
tects that the communication terminal having a 
higher communication order than itself transmits 
data, said empty time setting means resets said 
empty time set in itself shorter corresponding to said 
communication order allocated. 

75. The communication terminal according to claim 72 
further comprising a random access control means 
for, 

if data to be transmitted is real time data such 
as voice data and image data, transmitting said 
real time data by said transmission control 
means based on said communication timing, 
and 

if data to be transmitted is random data gener- 
ated at random, transmitting it through a ran- 
dom access region other than the real time re- 
gion for transmitting said real time data. 

76. The communication terminal according to claim 75, 
wherein 

said real time region for transmitting said real 
time data is set up successively each time in 
said communication cycle when said commu- 
nication timing is set up, 
said random access control means using a re- 
maining portion of said communication cycle in 
which said real time region is set up as said ran- 
dom access region. 

77. The communication terminal according to claim 75 
further comprising a re-transmission control means 
for, if said real time data transmitted through said 
real time region by control of said data transmission 
control means is not received properly, re-transmit- 
ting said real time data not received properly 
through said random access region. 

78. The communication terminal according to claim 64, 
65, 66, 67, or 72, wherein said channel uses a car- 
rier having a same predetermined frequency and 
detection of said empty time is carried out by de- 
tecting absence of said carrier on said channel. 

79. The communication terminal according to claim 73 
further comprising a data transmission detecting 
means for detecting whether or not a communica- 
tion terminal having a higher communication order 
than itself transmits data, wherein 

if said data transmission detecting means de- 
tects that the communication terminal having a 



higher communication order than itself transmits 
data, said empty time setting means resets said 
empty time set in itself shorter corresponding to said 
communication order allocated. 

5 

80. The communication terminal according to claim 73 
further comprising a random access control means 
for, 

10 if data to be transmitted is real time data such 

as voice data and image data, transmitting said 
real time data by said data transmission control 
means based on said communication timing, 
and 

15 if data to be transmitted is random data gener- 

ated at random, transmitting through a random 
access region other than the real time region 
for transmitting said real time data in said com- 
munication cycle. 

81. The communication terminal according to claim 80, 
wherein 

said real time region for transmitting said real 
time data is set up successively each time when ; 
said communication timing is set up in said 
communication cycle, 

said random access control means using a re- 
maining section of said communication cycle in 
which said real time region is set up as said ran- 
dom access region. 

82. The communication terminal according to claim 80 
further comprising a re-transmission control means 
for, if said real time data transmitted through said 
real time region by a control of said transmission 
control means is not received properly, re-transmit- 
ting said real time data not received properly 
through said random access region. 

83. The communication terminal according to claim 73, 
wherein said channel uses a carrier having a same 
predetermined frequency and detection of said 
empty time is carried out by detecting absence of 
said carrier on said channel. 

84. A communication terminal of a communication sys- 
tem, wherein 

at least a communication control unit and plu- 
ral communication terminals share a channel and 
each of said plural communication terminals carries 
out bi-directional communication at every predeter- 
mined communication cycle while avoiding a colli- 
sion of use of said channel with other communica- 
tion terminals, further comprising: 

a communication request means for forming a 
communication request for calling a mating ter- 



25 



30 



35 



40 



45 



50 



33 




minal of an object and transmitting this to said 
mating terminal by random access; 
an allocation request means for, if a response 
from said mating terminal is returned corre- 
sponding to said communication request 
formed by said communication request means, 
forming a communication order allocation re- 
quest to itself which is a call terminal and said 
mating terminal and transmitting this to said 
communication control unit; 
a responding means for, when responding to a 
communication request transmitted to itself, 
forming a response to be returned to said call 
terminal and transmitting this to said call termi- 
nal; 

an empty time setting means of setting the 
length of an empty time of said chan nel capable 
of starting transmission of data corresponding 
to said communication order allocated to itself 
by said communication control unit; and 
a data transmitting control means for, if an emp- 
tiness of the same length as that of said empty 
time set up by said empty time setting means 
is detected on said channel, transmitting data. 

85. A communication terminal of a communication cy- 
cle, wherein 

plural communication terminals sharing a sin- 
gle channel communicate bi-directionally at a pre- 
determined communication cycle while avoiding a 
collision of use of said channel with other commu- 
nication terminals, comprising: 

a communication request means for forming a 
communication request for calling a mating ter- 
minal of an object and transmitting this to said 
mating terminal by random access; 
a communication timing allocation means for, if 
a response from said mating terminal is re- 
turned corresponding to said communication 
request formed by said communication request 
means, allocating communication orderto itself 
which is a call terminal and said mating terminal 
and notifying other communication terminals of 
this; 

a responding means for, when responding to a 
communication request for itself, forming a re- 
sponse to be returned to said call terminal and 
transmitting this to said call terminal; 
an empty time setting means of setting the 
length of an empty time of said chan nel capable 
of starting transmission of data corresponding 
to said communication order allocated; and 
a data transmission control means for, if emp- 
tiness of the same length as that of said empty 
time set up by said empty time setting means 
is detected on said channel, transmitting data. 



86. The communication terminal according to claim 84 
further comprising a data transmission detecting 
means for detecting whether or not a communica- 
tion terminal having a higher communication order 

s than itself transmits data, wherein 

if said data transmission detecting means de- 
tects that the communication terminal having a 
higher communication order than itself transmits 
data, said empty time setting means resets said 

10 empty time set in itself shorter corresponding to said 
communication order allocated. 

87. The communication terminal according to claim 84 
further comprising a random access control means 

is for 

if data to be transmitted is real time data such 
as voice data and image data, transmitting said 
real time data by said transmission control 
20 means based on said communication timing, 

and 

if data to be transmitted is random data gener- 
ated at random, transmitting through a random 
access region other than the real time region 
25 for transmitting said real time data. 

88. The communication terminal according to claim 87, 
wherein 

30 said real time region for transmitting said real 

time data is set up successively each time when 
said communication order is set up, 
said random access control means using a re- 
maining portion of said communication cycle in 
35 which said real time region is set up as said ran- 

dom access region. 

89. The communication terminal according to claim 87 
further comprising a re-transmission control means 

40 for, if said real time data transmitted through said 
real time region by control of said data transmission 
control means is not received properly, re-transmit- 
ting said real time data not received properly 
through said random access region. 

45 

90. The communication terminal according to claim 84, 
wherein said channel uses a carrier having a same 
predetermined frequency and detection of said 
empty time is carried out by detecting absence of 

so said carrier on said channel. 

91. The communication terminal according to claim 85 
further comprising a data transmission detecting 
means for detecting whether or not a communica- 

55 tion terminal having a higher communication order 
than itself transmits data, wherein 

if said data transmission detecting means de- 
tects that the communication terminal having a 
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higher communication order than itself transmits 
data, said empty time setting means resets said 
empty time shorter corresponding to said commu- 
nication order allocated. 

92. The communication terminal according to daim 85 
further comprising a random access control means 
for, 

if data to be transmitted is real time data such 
as voice data and image data, transmitting said 
real time data by said transmission control 
means based on said communication timing, 
and 

if data to be transmitted is random data gener- 
ated at random, transmitting through a random 
access region other than the real time region 
for transmitting said real time data in said com- 
munication cycle. 

93. The communication terminal according to claim 92, 
wherein 

said real time region for transmitting said real 
time data is set up successively each time when 
said communication order is set up in said com- 
munication cycle, 

said random access control means using a re- 
maining portion of said communication cycle in 
which said real time region is set up as said ran- 
dom access region. 

94. The communication terminal according to claim 92 
further comprising a re-transmission control means 
for, if said real time data transmitted through said 
real time region by control of said data transmission 
control means is not received properly, re-transmit- 
ting said real time data not received properly 
through said random access region. 

95. The communication terminal according to claim 85, 
wherein said channel uses a carrier having a same 
predetermined frequency and detection of said 
empty time is carried out by detecting absence of 
said carrier on said channel. 



a communication timing allocation means for 
allocating communication timing to said com- 
munication terminal of a requester correspond- 
ing to a communication timing allocation re- 
quest from each of said plural communication 
terminals; and 

a communication timing notifying means for no- 
tifying each of said plural communication termi- 
nals of said communication timing allocated by 
said communication timing allocation means. 

97. The communication control unit of communication 
system, wherein 

at least a communication control unit and plu- 
ral communication terminals share a channel and 
each of said plural communication terminals carries 
out communication at every predetermined commu- 
nication cycle while avoiding a collision of use of 
said channel with other communication terminals, 
further comprising: 

a means for controlling said communication cy- 
cle; 

a communication order allocation means for al- 
locating a communication order to said commu- 
nication terminal of a requester corresponding 
to a communication order allocation request 
from each of said plural communication termi- 
nals; and 

a communication order notifying means for no- 
tifying each of said plural communication termi- 
nals of said communication order, allocated by 
said communication order allocation means. 
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96. The communication control unit of communication 
system, wherein 

at least a communication control unit and plu- 
ral communication terminals share a channel and so 
each of said plural communication terminals carries 
out communication at every predetermined commu- 
nication cycle while avoiding a collision of use of 
said channel with other communication terminals, 
further comprising: 55 

a means for controlling said communication cy- 
cle; 
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2 04... CONNECTOR 
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305. . .INTERFACE SBCTION 

306... .CONNECTOR 

311... CPU 

312... ROM 
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